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 The problem being faced is that there exists little data in a collective location 
surrounding aviation gasolines. In recent years it has been observed that most involved in the 
general aviation community are unaware of efforts and solutions underway to replace current 
leaded aviation gasoline. The point of this research was to collect and distill the history of 
aviation gasoline, some alternatives and their shortcomings, and indicate where the industry is 
headed. This information is divided into ten different chapters which is compiled into a book for 
students in the Purdue Aviation Technology Department. Following successful completion as a 







SECTION 1.  INTRODUCTION 
 
The United States has been at the forefront of aviation during the first one hundred years of 
powered flight. With more than 6,000 small and large airports, the United States is number one on the 
world stage of general aviation. With rising fuel costs being a problem in all industries, users of 100 low-
leaded gasoline in general aviation have felt the hardest blow of all with fuel prices reaching of $8 per 
gallon in some places of the United States. Currently, there are only a handful of refineries producing 
100 low lead (AvGas). AvGas is the only gasoline in the US to still be allowed to contain tetraethyl lead 
(TEL), resulting in the inability to transport and distribute the fuel to airports as easily as automobile 
gasoline is distributed to gas stations. The Environmental Protection Agency (EPA) has slated to cease 
TEL additives in AvGas by January of 2017 (Passavant, 2009). 
 
1.1. Problem Examined 
Students in aviation studies have substantial knowledge pertaining to aviation operations, and 
have a keen interest in alternative fuel and the development of possible replacements. Unfortunately, 
there exists no single source where one can learn the basic common knowledge of how aviation fuel got 
to where it is today in aviation fuels, and where other potential options for replacement have fallen 
short. Because most of aviation is delineated by the regulatory process, usually controlled by the FAA, 
most students, and most aviation professionals, do not understand the certification processes on which 
the FAA bases its regulatory standards.  With regard to fuels, and the creation of new fuels, it is 
impossible for the aviation student, the aviation student researcher, or the aviation professional, to 
undertake developmental research and new product certification without a detailed understanding of 
this materials certification process. The problem then becomes that there is no text for interested 
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students to read for them to understand the fundamentals of the fuel spec certification process, a 
survey of how leaded fuels have come to exist, and the options for replacing leaded fuels.  
 
1.2. Scope 
This project was designed to educate those who are more than likely involved in testing and 
proving alternative fuels viability and or using those future fuels in the near future. The intended 
audience are university-level students (of a freshman or sophomore level), interested aviation 
professionals as well as policy makers, and representatives in government and advocacy groups.  
 
1.3. Significance 
Without background understanding of aviation fuels, the development process, and the 
certification process, aviation researchers cannot appropriately evaluate alternative fuels; thereby, 
negatively impacting the industry. 
Now more than ever the correct political climate exists for alternatives to 100LL. This is 
evidenced by the EPA and FAA openly searching for alternatives to TEL and OEM’s willing to participate 
in both private and university studies to find an alternative fuel. In response to the industries demand 
for testing and proving of fuels, The National Test Facility for Fuels and Propulsion (NaTeF) and Purdue 
have aligned themselves to be on the forefront of testing, proving, and method development. The 
outcomes affects the vast group of nearly 415,000 pilots and aircraft owners in the United States, and 
nearly triple that amount of people who benefit directly or indirectly from general aviation yearly. 
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Without TEL, spark-ignition, piston engine aircraft are unable to meet minimum performance 
standards set forth by the Federal Aviation Administration (FAA); effectively rendering the light general 
aviation aircraft un-airworthy or non functional. Conventional bio-based fuels such as ethanol do not 
meet the performance standards of the FAA as well, with high potential for water content leading to 
freezing aloft. Also, with ethanol an aircraft owner would have to modify the engine solely to burn 
ethanol; due to its disparate air to fuel ratio, current modifications can cost owners dearly in cost and 
time to make the necessary repairs. If immediate action is not taken to come up with an alternative fuel 
for AvGas, general aviation in the United States is likely to cease to operate.  
If replacement fuels are tested and proven, the general aviation community can continue to 
thrive for decades to come with a renewable resource that is cleaner for the environment. In order for 
this testing and proving to happen; however, those in the general aviation community must be willing to 
embrace the future. This nonetheless can be hampered if a lack of understanding exists. If a 
replacement fuel is not tested, proven, and certified, general aviation is likely to grind to a  halt, with no 
viable replacement for 100 low lead gasoline (100LL) after the EPA no longer allows TEL to be used as a 
fuel additive.  
With Purdue’s NaTeF gearing-up to support the development of alternative fuels, it is imperative 
that a collective body of knowledge be compiled and used by those that would be involved in NaTeF’s 
operations.   The NaTeF researchers have expressed a desire for the kind of summary developed in this 







100LL – 100 octane low leaded aviation gasoline for piston engines. 
AGE-85 – a mixture of 85% ethanol and 15% gasoline used in aircraft. 
AOPA – Aircraft Owners and Pilots Association 
ASTM International – American Society for Testing Materials, the group who publishes standards. 
Avgas – Aviation gasoline  
BOCLE– Ball-on-Cylinder Lubricity Evaluator (ASTM D5001)  
CFR (Combustion Fuels Research) engine- A special lab research engine which has the capability to vary 
fuel mixtures, valve timing, ignition timing, cylinder displacement, and cylinder compression ratios for 
the purpose of evaluating fuel detonation characteristics. 
DoT – Department of Transportation 
E-85 – a mixture of 85% ethanol and 15% 87 octane gasoline used in automobiles. 
EPA – The United States Environmental Protection Agency 
FAA – Federal Aviation Administration, the governing body of aviation in the US. 
GA – General Aviation 
lean (mixture) – referring to the air to fuel mixture in an internal combustion engine, this condition is 
referring to less fuel in the mixture than air, just enough to keep the engine running.  
NaTeF - The National Test Facility for Fuels and Propulsion 
OEM – Original Equipment Manufacturer 
TEL – tetra-ethyl lead 






The project has been developed according to the following assumptions. The fuel of interest is 
limited to spark-ignition aviation gasoline used in piston powered general aviation aircraft. The 
information that has been gathered by over five years of individual work in this industry is fully verified 
by independent laboratories, the ASTM, or the FAA. Most Purdue aviation students do not have above a 
basic understanding of the origins of current (100LL) aviation gasoline.  
 
1.6. Limitations 
This project takes a look into the cooperation that exists between ASTM and the FAA of any new 
fuel to be examined; however, since there is no clear and defined method for final certification of any 
replacement for 100LL, the information in this study is based on industry stakeholder guidance. Another 
limitation of the research is that not all information can be presented in great detail. Some of the 
alternative fuels mentioned have corresponding voluminous research reports that have been submitted 
to ASTM and the FAA. Summaries are presented with the appropriate reports listed, if further research 
is needed. Because of this need to condense hundreds of pages of historical and technical information 
into a summary for new researchers, there is going to be some loss of highly technical detail, which can 
only be gained by reading the original documents. 
 
1.7. Delimitations 
This project does not examine anything outside of the aviation spark-ignition gasoline arena. 
Since the FAA has confirmed that fuel certification goes through ASTM exclusively, only those fuels past 
and present which use this process will be examined. Finally, this project was limited to the research, 
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compilation, and deliverance of: a text with ten chapters each covering a different aspect of aviation 
gasoline.  
 
SECTION 2.  LITERATURE REVIEW 
 
An appropriate place to survey the current market of renewable fuels was through a review of 
the available literature. At the time of the research there was significant attention given to renewable 
and bio-derived fuels. However, this information was not applicable to aviation, let alone aviation 
gasoline. It would have been inappropriate to pursue this project if the requisite body of knowledge had 
already been amassed through another medium or vehicle, such as scholastic journals. The following 
describes how the data, largely available as esoteric industry documents were compiled and contrasted 
for one of the more in-depth chapters in the text, Chapter # 1 - The History of Aviation Gasoline.   
2.1. Methodology of the literature review using Chapter 1 as an example 
When writing this chapter, the first place to begin searching was not found in a text or industry 
journal; rather research began right at the source, the experts. Due to personal involvement with the 
ASTM International, I was involved on a task force which undertook the writing of a document detailing 
the history of avgas. This document served as the origin of this research as it was probably the most 
complete due to the input of multiple industry experts, whose companies were responsible for the 
shaping of avgas since its inception. The logical place to start was with the Wright Brother’s first 
powered flight. There was not a lot known about the first years of avgas, so little in fact, that most of the 
experts that comprised the 50 + member task force had no record of composition dating farther back 
than 1917. Further attempts to dig into the earliest years of avgas were met with a lack of information 
and data. This chapter begins by explaining that the ASTM task force document that was created was a 
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painstaking process, since the participating companies are bound by the Sherman Anti-Trust Act. A short 
explanation was provided on the significance of the Sherman Act of 1890 from Encyclopedia Britannica.  
The bulk of the chapter detailed the beginning of bifurcation between autofuel and avgas. A few 
examples of specialty avgas are given and a quote was inserted from Alisdair Clark of British Petroleum 
to demonstrate the reasons for creating specialty aviation fuels, pointing to safety of flight as the 
penultimate rationale. The chapter then discussed the discovery of TEL. A search of the online 
encyclopedias yielded when TEL was first discovered, but further explained that it was not until the late 
1920’s that detailed research on its effects on fuel was conducted. A quote from the National Inventors 
Hall of Fame frames the trial and error method employed during discovery.  This section mentions the 
formation of the CFR group as a predecessor to ASTM.  
The chronology continued and began to explore the early uses of lead additives in Army testing. 
Another quote highlighted some of the failed early tests with TEL (Clark, 2007). This was contrasted by 
mentioning the Navy’s success with TEL, which produced the max TEL content for fuels in 1923. A 
segment of the ASTM report then was used to explain that fuel still did not exceed 100 MON. The next 
segment in the chapter details the early testing at WPAFB where the early work was done on a CFR 
engine. In personal communications with Alisdair Clark, he indicated that this was important to highlight 
to those wanting to understand aviation fuel development. This information was included, based on 
citations from his presentation in 2007. A brief explanation of MON and CFR engines was explained 
through the use of personal knowledge, industry expert explanation, and supporting documentation 
was cited. In personal communications with industry members it was pointed out that the history of 
development should include mention of the work in Europe that was occurring to develop TEL for fuels. 
The presentation from Clark and the ASTM report were used to explain the development in Europe as 
well as the discovery of iso-octane which led to the octane rating scale. This was shown through an 
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article from the ASTM periodical. Further excerpts from the ASTM report were used to demonstrate the 
ever-growing divide between avgas and auto fuel streams.  
Personal conversations with ASTM industry experts were condensed into a few paragraphs 
surrounding the spool-up of leaded fuels with the advent of WWII (Clark, 2007). A few quotes were 
pulled from the task force report and interlaced with the verbal history from the experts. A study from 
the National Bureau of Mines surveyed avgas grades and showed the division of leaded and unleaded 
fuels in the beginning of the 1950’s, with the trend moving to all leaded. Much of the ASTM report was 
cited to show how the different grades evolved over time, with different limits being imposed in the 
ASTM specification over the decades.   
The gradual transition to the sole fuel, 100LL, was shown with a quote from the EPA’s Glenn 
Passavant contrasted with a quote from the Clean Air Act. This issue was demonstrated through the 
graphical timeline of leaded avgas as crafted by the ASTM task force. This timeline was shown on page 
ten of the chapter and serves to demonstrate graphically the highlights of the chapter.  
 
2.2. List of References 
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SECTION 3.  METHODOLOGY 
 
The methodology for developing a summary of aviation gasoline involved four steps: 
Step 1: Determine the requirements of the researchers regarding the scope and detail of such a 
primer for student education.  In this step the level of detail needed, the amount of background desired, 
the number of fuels evaluated, and the certification processes desired to be explained was defined.   
For this study the researchers of NaTeF expressed a need for a document that could be given to 
freshmen or sophomore college students in aviation, who had little or no technical or flight experience.  
The NaTeF researchers’ inputs  were for the students to be able to read the primer and be able to get a 
sense for how fuel is controlled, who controls the fuel content and production, how lead in fuels came 
to be, what lead does in gasoline, and a history of attempts to eliminate lead from gasoline.  It was 
requested that the primer be broken into 8 to 10 chapters.   
Step 2: Survey the available industry literature, fuel specifications, historical documents, and 
glean information from personal contacts.   The ASTM specifications, including historical documents 
were examined.  Once a review of the written specifications was conducted, inquiries of personal 
contacts were made to fill in the blanks, regarding technical detail, any related political or non-technical 
information.  These personal contacts were of the political and non-scientific background in fuel 
development and specification.  
Step 3:  Distill the gathered information and write the primer. 
Step 4:  Seek external review of the primer chapters for technical accuracy and overall quality.  
Industry experts in fuel chemistry, aviation fuels, aviation history, and fuel research were solicited for 




Most of the methods employed for the completion of the project were developed and based on 
a working knowledge of the ASTM processes used for the qualifying fuels and past history of other 
proposed alternatives. As an ASTM member, the documents obtained to compile the research text were 
readily obtained. All of the industry documents, more specifically ASTM specifications, which were used 
or referenced in the text can be found in the Specification Appendix of this document.   
3.1. Procedure 
 The overall nature of the investigation was a compilation and appropriate structure for 
dissemination of the knowledge. The end result of this project was a text with ten individual chapters. 
Each chapter covers an independent area of information. The chapters included: The history of aviation 
gasoline, development of ASTM D-910 fuel grades to include 100LL, AGE-85, Hjelmco 91/96, Autogas 
(MoGas) STC & the new ASTM D-6227, 82UL including both ETBE and MTBE, Swift UL102 (100SF) , ASTM 
& FAA certification, ASTM D-910 grade 100VLL (very low lead), and finally other little known fuels to 
include; 93AKI, Foreign ‘B’ grades, and other foreign fuel grades.  A separate list of references and 
citations accompanied each chapter. They can also be found in Section 2.2 of this document. 
 The text document that was created by the project is an appendix to this report. It can be found 
in Appendix # 1. It is also referenced in Section 4. 
 
3.2. Industry Expert Overview 
 To ensure that the final text was as accurate as possible, the following industry members, who 
are considered subject matter experts, read and provided input to the current document: 
 P.J. Catania – Aerospace Engineer and Formulation Expert – Swift Enterprises (ASTM Member) 
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 Mark Rumizen - Aviation Fuels Specialist – Federal Aviation Administration (ASTM & ARC 
Member) 
 John Rusek – Chemical Engineer – Swift Enterprises (ASTM Member) 
 Lars Hjelmberg – Founder & CEO – Hjelmco Oil, Sollentuna, Sweden (ASTM Member) 
 Roger Gaughan  - Fuels Chemist – Exxon Mobil Research & Development (ASTM & ARC Member) 
 Craig Sincock – Founder, President, & CEO – AvFuel Corporation  
 Owen Busch – Vice President Supply and Business Development – AvFuel Corporation (ASTM 
Member) 
 Melanie Thom – President & CEO - Baere Aerospace Consulting, Inc. (ASTM Member) 
 
3.3. Summary 
 The ten chapters were able to capture the essence of what the NaTeF researchers requested.  It 
was able to be shown how lead came to exist in aviation gasoline and why it was used.  Some technical 
discussion was presented on the effects of lead in the engines and why lead was so important.  The 
development of the fuel specification process was detailed, and it was shown how a fuel becomes 
certified by the ASTM, and how the ASTM process works.  That chapter was written to fill a gap in the 
understanding by the general population on the logic problems associated with fuel certifications, and 
the problems ASTM must consider when making changes to any fuel. The chapters also explained the 
advisory, as opposed to regulatory, role of the FAA in the process.   
The chapters on new fuels development chronicle the efforts to reduce and replace lead in 
aviation gasoline over the past 30 years, and provide a summary of the industry’s common knowledge 
and common experience, which every fuels researcher should know. 
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Finally, this primer gathered the relevant references from which the primer was written.  From 
these references a student of fuels development can now readily find and read the foundational 
documents for fuel development.  
 
SECTION 4. DATA AND RESULTS 
 
Because there was no quantitative data gathered and analyzed in the traditional sense of a 
graduate research program, the final project is the compiled text of ten chapters. This text is meant to 
be used as a compendium of knowledge used for teaching freshman and sophomore university 
students. The entire compilation can be found, in its final form, in Appendix # 1 of this document. 
 
4.1. List of Chapters 
 Chapter # 1 - The History of Aviation Gasoline 
 Chapter # 2 - ASTM D910- The Backbone of Aviation Gasoline 
 Chapter # 3 - AGE85 - Aviation Grade E85 Ethanol as an Alternative to 100LL 
 Chapter # 4 - Hjelmco Oil – Unleaded Alternatives 
 Chapter # 5 - Automobile Fuel for Airplanes 
 Chapter # 6 - 82UL Aviation Gasoline 
 Chapter # 7 - SwiftFuel – SUSTAINABLE. RENEWABLE. SYNTHETIC 
 Chapter # 8 - Aviation Fuels Certification 
 Chapter # 9 - 100VLL Aviation Gasoline 





SECTION 5.  CONCLUSIONS AND RECOMMENDATIONS 
 
 This section draws conclusions from the conclusion of the project and production of the final 
text listed in Appendix # 1. Following the conclusions, recommendations for further areas of study and 
research, are discussed. 
 
5.1. Conclusions 
Now that it is complete, this text is an important compilation of information for those interested 
in alternative aviation gasoline.  There currently is no single-source, simplified explanation for the novice 
interested in aviation fuel. This work allows a freshman or sophomore level university aviation student, 
of limted to no understanding of aviation gasoline to have a good cross section of the history, issues, 
alternatives and attempts to replace 100LL. From here a student can launch further research and have 
the foundational language and historical perspective of the industry experts doing gasoline research.   
As the deadline to remove TEL from fuels rapidly approaches, this area of research has attracted 
the interest of the FAA's top personnel in fuels research. The content covered in the final text is the 
most complete, accurate and up to date information in the industry. The average researcher would be 
unable to find or even locate this information. Now that it is compiled it can benefit those who wish to 
further understand the history of aviation gasoline or pursue research in alternative aviation fuels.  
 
5.2. Recommendations 
It is recommended that further work take place to more formalize the text created into a 
textbook This would allow the text to be offered to a wider audience. It is further recommended that 
the text be augmented with multiple figures and photos augmenting the text. Finally, further 
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information is required about some of the proprietary formulations listed in chapter # 10. Due to the 
highly-secretive nature of these fuels, little information could be gleaned to accurately portray the listed 
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APPENDIX # 1. COPY OF TEXTBOOK CREATED 
 
Chapter # 1 
The History of Aviation Gasoline 
 
 The United States has been at the forefront of the aviation industry for the first one hundred 
years of human powered flight. With more than 6,000 small and large airports, the United States is 
number one on the world stage in general aviation. In order to study current aviation gasoline grades 
and future alternatives, it is important to first examine the history of where the fuel grades originated. 
This chapter gives a broad overview of the history of aviation gasoline.  
Since the first powered human flight by Orrville and Wilbur in 1903, spark-ignition gasoline has 
powered piston engine aircraft.  It has not been until recently that the history of where we are today 
(100LL) has become clear through an exhaustive study of the documents and the specifications for 
aviation gasoline. The ASTM International subcommittee J of committee D02 (D02.J) took on this 
laborious task of examining the history of avgas in June of 2004. The DO2 committee has published a 
research report, with a timeline table (See Figure 1), which is considered by many in the industry to be 
the foremost reference in the timeline of avgas. This study is where the majority of the information for 
this chapter is drawn.  
The ASTM D02 document was compiled from industry members who were members of D02.J. 
These members represented airframe manufacturers, oil companies and producers, distributors, engine 
manufacturers, and others. Prior to the convening of this task force, most of this information was known 
by each individual member as it pertained to their operation. This individual information once only 
populated the secret company records of oil companies’ libraries, and shelves in aviation manufacturer’s 
basements.  During the process of compiling information regarding gasoline formulations, 
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improvements, and history the ASTM committee members ,and especially the oil company 
representatives, had to remain mindful of the Sherman Antitrust Act of 1890. This act, “*…+ made illegal 
all attempts to monopolize any part of trade or commerce in the U.S.” ( Encyclopædia Britannica, Inc., 
2011). Because of this, oil companies are unable to discuss anything that could be viewed or interpreted 
as collusion with other oil companies.  Because of a history of collusion among oil companies in the late 
19th and very early part of the 20th century, the United States government maintained a very close 
scrutiny of the exchange of information between oil companies, and users of petroleum products.  So 
the Sherman Anti-Trust Act, deemed it illegal for very large, and very powerful companies, with a near 
monopolistic share of market, from meeting to discuss product secrets, pricing strategies, market 
strategies, or any other anti-competitive topics.  The companies could meet publicly to discuss the 
creation and maintenance of quality control specifications, and to resolve product related problems 
which impact the public health and safety, among other things.   However, under these strict ground 
rules, oil companies were willing to bring forth all of the information to the ASTM committee on what 
companies had done in the past regarding the development of aviation fuel.  
Avgas began as minor improvements and subtle changes to regular automobile gasoline, or 
“mogas.”The first aviation gasoline types were comprised of crude oil distillates with a motor octane 
number of anywhere between 40 – 70 MON.  (The topic of MON, or motor octane number is discussed 
in chapter 2) These early fuels were unleaded in nature, since tetra-ethyl lead (TEL) (the ingredient 
allowing for high octane fuel) was not even discovered until 1921 (ASTM D910 Task Force of D02.J.02, 
2004). As aviation continued to evolve in the early years, it became apparent that regular automobile 
gasoline was not a good fit for aviation. Aviation engineers and oil companies began to realize that 
airplanes were operating in a much different environment than automobiles, where things like 
temperature and barometric pressure change and were not constant. Due to some of the early 
complications and limitations of the automobile fuel used in airplanes, in 1917 grade 8G1b “Aeroplane 
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Gasoline” was introduced (ASTM D910 Task Force of D02.J.02, 2004). This fuel was an, “Unleaded light 
hydrocarbon product specific to aviation introduced to increase flight safety/reliability” (Clark, 2007).  
The purpose of this new fuel was to create a type of gasoline that could go to high altitude without 
evaporating and vaporizing uncontrollably, and could withstand higher heat found on aircraft engines.  
This new fuel specification was also an early attempt at creating a consistency of heat, vaporization, and 
combustion characteristics that was not found in automobile gasoline. This was the point when aviation 
gasoline began to take a divergent path from standard automobile gasoline. From 1917 on, for nearly 
100 years, aviation gasoline was always separated from the regular supply chain that carried all other 
gasoline types.  
In 1918, a “Grade X” aviation gasoline and “Fighting Grade” of fuel were produced for aviation. 
These too were made from blended light hydrocarbons, known as straight run gasoline and unleaded 
(ASTM D910 Task Force of D02.J.02, 2004). Though TEL had first been discovered by a German chemist 
in 1854 (Kitman, 2000), it was not thought of as an anti-knock agent until sometime later. In 1921, 
Thomas Midgley, Jr., who was employed by General Motors, discovered that small amounts of TEL 
added to gasoline was able to stave off detonation and engine knock (Kitman, 2000).  Engine knock was 
a phenomenon where the engine would make a loud pinging or knocking sound as it ran at high power.  
It was found that when engines displayed this knocking sound, internal damage and failure of parts in 
the combustion chamber were often found.  In some cases catastrophic  engine failures would occur. A 
small account of Midgley’s  work shows how he ‘discovered’ TEL for use in gasolines, “Midgley soon 
uncovered that contrary to popular belief, knock was the result of a fuel failure, not an engine failure. A 
trial and error search commenced to find a fuel additive that would reduce the temperature and 
pressure within the cylinder to suppress the knock. In December 1921, an engine test was run with a 
small amount of tetraethyl lead, completely eliminating knock” (National Inventors Hall of Fame, 2002).  
What Midgley had discovered was that it was an uncontrolled exploding of the fuel in the engine that 
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resulted in damage to the engine.  He had discovered that the fuels of the day were incapable of 
withstanding the high temperature and pressures inside the engines’ combustion chambers.  Via his 
testing, Midgley had discovered that the addition of small amounts of tetra-ethyl lead to gasoline, 
allowed the fuel to remain stable in the combustion chamber until ignited at the proper time.  This was 
the first of the discoveries of the benefits of TEL in gasoline.  
Also occurring in 1921, was the formation of the co-operative fuels research committee, known 
as CFR.  The CFR was an early predecessor to what we now recognize as the ASTM.  This group was 
comprised of well-educated petroleum engineers from countries in Europe and the United States.  Even 
though these advances were occurring and engineers were beginning to study gasoline, it would still 
takes some more time to develop before this knowledge and technology was applied aviation. 
For the most part, by 1922 aviation was still operating on unleaded fuels.  Later in that year, 
however, the United States Army designed a test program to evaluate the use of TEL in gasoline for 
aviation applications.  The Army tested the new leaded aviation gasoline in a Liberty engine with little 
success.  The Liberty engine was a 1,649 cubic inch (27 liter) water-cooled 45° V-12 aircraft engine of 
400 horsepower, designed by the Packard Motor Car Company for use in World War I.   The engine and 
its variants were very successful in both aviation and surface based applications.  The study of the 
Liberty engine concluded that there were severe problems, “due to excess additive being used,” and 
lead deposits (ASTM D910 Task Force of D02.J.02, 2004).  As a result of this study, TEL was not 
implemented for use in aviation gasoline.  It was not for another four years that TEL was revisited for 
use in aviation gasolines.  This time, the United States Navy took a different approach than did the Army 
previously; the Navy researchers added tetra-ethyl lead directly into the aircraft tanks (Clark, 2007).  
This change allowed for a better control of the mixing of the TEL with the fuel and a more consistent 
blend of fuel to the aircraft engine.  This better blending prevented the excessive lead problems found in 
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the Army tests.  The very next year, due to the Navy’s success, the Army revisited the use of TEL on a 
limited basis.  It was discovered through the ASTM Subcommittees research that the Army used a 
maximum of 3 mL/ Gal (ASTM D910 Task Force of D02.J.02, 2004).  Even though both the Army and Navy 
were using TEL on a limited basis for their aircraft operations, the overall motor octane of the fuel that 
they were using did not exceed 100 MON, as it does today, rather was, “87 ON estimated, dependant on 
base-stock” (ASTM D910 Task Force of D02.J.02, 2004).  
Due to the success that the United States armed services were noticing by using limited 
amounts of TEL in their aviation fuels, in 1928, “systematic evaluation of tetra-ethyl lead [to evaluate] 
anti-knock on performance of aviation engines *took place+ at McCook Field” (ASTM D910 Task Force of 
D02.J.02, 2004). (McCook Field is now encompassed in the grounds known as Wright Patterson Air Force 
Base and is located just outside of Dayton, Ohio.)  Following favorable test results, in 1930 the United 
States army specified that their aviation-grade gasoline should contain no more than, “3mL/gal” (Clark, 
2007).  Two years later a subcommittee of the CFR developed a method and a special research engine 
for testing motor octane number.   
This method has remained widely unchanged even to this day.  The following excerpt describes 
the process of obtaining a motor octane number, “octane ratings are determined in a special single-
cylinder engine with a variable compression ratio (CR 4:1 to 18:1 ) known as a Cooperative Fuels 
Research ( CFR ) engine. *…+ The head and cylinder are one piece, and can be moved up and down to 
obtain the desired compression ratio.  The engines have a special four-bowl carburetor that can adjust 
individual bowl air-fuel ratios. This facilitates rapid switching between reference fuels and samples. A 
magneto-restrictive detonation sensor in the combustion chamber measures the rapid changes in 
combustion chamber pressure caused by knock, and the amplified signal is measured on a "knock-
meter" with a 0-100 scale” (Faqs.org, 1996).   
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It is however important to understand that the United States was not alone in its quest for an 
anti-knock additive for aviation gasoline.  Documentation was found that In 1934 the British had a 
specification for TEL in their aviation gasoline’s.  The British specification was for a, “maximum of 4mL 
TEL/Imperial gallon” (Clark, 2007).  At that time, the British were reporting that their fuels still only had 
an, “87MON,” which was derived on a, “special BAM engine” (ASTM D910 Task Force of D02.J.02, 2004).  
During the mid thirties was discovered how to be manufacture, iso-octane (2,2,4-Trimethylpentane) 
inexpensively.  The discovery of this process allowed for an additive to boost the MON above 100, and 
subsequently the concept of +100 MON was born.  As chronicled in the following excerpt, it was 
“…discovered that *engine+ knocking stopped when 2,2,4-trimethylpentane was added. This was [also] 
the origin of the octane rating scale” (Totten, Westbrook, & Shah, 2003).   
The concept of an octane rating scale was in essence a measure of how close fuels blended with 
TEL could perform when compared to a fuel that was pure iso-octane.   On one end of the scale at 100 
was a fuel made of pure iso-octane.  Engine performance and engine knock was measured on this and 
the resulting performance of the fuel was deemed to be 100.  On the far low end of the scale was pure 
unleaded gasoline.  Engines were measured for performance on pure unleaded fuel, and this rating was 
deemed to be zero.  As iso-octane was added to fuel, engine performance was measured.  Engine 
performance was measured with various ratios mixtures of iso-octane and unleaded gasoline.  Blends 
were made of every percent mixture: 99% iso-octane and 1% unleaded gasoline, 98% iso-octane and 2% 
unleaded gasoline, 97% iso-octane and 3% unleaded gasoline, etc.   Engine performance was measured 
at every blend ratio.  While Iso-octane was an excellent chemical for piston engine combustion,  and for 
charting engine performance, it was not a chemical that was suitable for flight.   So in place of iso-
octane, TEL was added to fuel in varying amounts and tested.  A small amount of TEL would make the 
engine perform, for example, as if the engines were running on a 50% blend of iso-octane and 50% 
unleaded gasoline.  This fuel blend would be labeled 50 octane.  When more TEL was added to the 
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gasoline and the engine performed as if it was running on 87% iso-octane and 13% unleaded gasoline, 
this blend was labeled as 87 octane.  Varying amounts of TEL were added and painstakingly tested and 
compared to the iso-octane/unleaded fuel mix for every combination of blends.  Finally when a 
sufficient amount of iso-octane was added to gasoline to make the gasoline behave as if it were really 
pure iso-octane instead of gasoline, this fuel was labeled as 100 octane.  This rating system worked for 
all ratings up to 100 MON.  This testing and comparison system was a long and tedious process, and the 
engine performance outcomes were highly dependent on the engine testing conditions and the test set 
up.  And in the early years, there was variation in the test outcomes.  The result was that more than one 
set of blending/performance charts emerged.  For example the octane rating vs. engine performance 
charts for automotive engines took several forms and automotive engines differed from aviation 
engines.  Over time a very precise test specifications were developed and generally agreed upon by the 
industry experts.  Interestingly enough the aviation industry eventually settled on a 
blending/performance/rating system developed for automobile engines, hense the name Motor Octane 
Number or MON, as opposed Aviation Octane Number, or AON.    
It is not well known why the aviation engine manufacturers elected to use automotive derived 
MON ratings instead of the AON ratings, however it is most likely due to the fact that the petroleum 
companies were making much more automotive fuel than aviation fuel and so the automotive expertise 
was much more widely understood and used.  Today a few of the most knowledgeable aviation engine 
performance experts know that the MON ratings do not exactly match aviation engine performance, 
however, for nearly all engine performance measures, MON reflects aviation engine performance well 
enough.  It is only in rare cases where highly scientific work is done on new fuels and engine 
performance that adjustments must occasionally reflect the fact that MON does not exactly predict 
aviation engine performance. 
28 
 
By the end of the 1930’s, there existed 14 grades of aviation gasoline in the United States.  
Unleaded fuel grades such as: 65, 73, 74, and 92 could be found.  Due to the vast number of aviation 
fuel grades, records during this period provide varied information (ASTM D910 Task Force of D02.J.02, 
2004).  The ASTM Subcommittee studying the history of aviation gasoline, however, was able to discern 
some general guidelines that were used for blending aviation gasoline.  Essentially, low-octane aviation 
fuel grades were “often unleaded, but TEL *was+ permitted avgas grades greater than or equal to 80 
MON.  There existed a limited amount of ’92 Army’ (which was leaded), *all others typically+ 87 MON 
unleaded avgas” (ASTM D910 Task Force of D02.J.02, 2004).  By the beginning of the 1940’s, aviation 
fuel was still isolated and separated from the automobile fuel supply chain; however, the preference for 
aviation gasoline remained largely unleaded.  
The 1940’s also brought about the Second World War.  In the Allies attempt to win the air war 
waging over Europe with Adolf Hitler’s Luftwaffe, aviation was rapidly advanced.  WWII saw the advent 
of the largest and most demanding aviation engines ever developed.  Engines such as the Rolls-Royce 
Merlin V-12 were powering such aircraft is the British Supermarine Spitfire, in an attempt to regain the 
balance of power in the skies over Western Europe in the early parts of WWII.  Fuels technology was 
also rapidly improving to keep pace with the aircraft engine improvements.  In 1942, the Supercharge 
Rating Test was introduced. The supercharge rating was developed as these new, powerful engines were 
fitted with supercharging systems, which allowed a mechanical or turbine operated air compressor to 
substantially increase the pressure of the air being fed to the engines.  By boosting the intake air 
pressure, engines could maintain high levels of horsepower at high altitude where the air was less 
dense.  Low density air at high altitude reduced the power available from the engines, but supercharging 
allowed engines to maintain their power at high altitude.   At low altitudes, supercharging could force 
more air into the engine and give it even more power that it would normally have.  The effect on 
supercharging, however, was that the engine performance vs TEL levels did not match the earlier testing 
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done on non-supercharged engines (called normally aspirated) when the original octane rating system 
was created.  The result was testing to map engine performance vs TEL in supercharged engines.  This 
mapping then resulted in the supercharge rating for aviation gasoline.  Also in 1942, leaded military fuels 
in excess of 100 MON & 125 PN (supercharge number) were being used, the name of this fuel was 
quickly changed to be called 100/130 (ASTM D910 Task Force of D02.J.02, 2004).   
Grade 100/130 is what pilots today recognize as ‘green avgas’, because of the green dye put in 
the gasoline to make it recognizable as a high octane fuel.  Green 100/130 gasoline persisted on after 
WWII, and into the heyday of general aviation aircraft production of the 1950’s through the 1970’s.  
Despite the fact that the green 100/130 fuel was discontinued in the mid 1970’s in an effort to reduce 
airborne lead emissions, most general aviation aircraft are actually still certified on 100/130 Avgas. The 
ASTM Subcommittee document also found that in 1942 the industry at large, “starts to rationalize the 
grades” (ASTM D910 Task Force of D02.J.02, 2004), to cut down in the number of different grades that 
were available.  This reduction was, most probably done in an attempt to and streamline fuel production 
/delivery logistics for the war effort.  Between 1942 and the end of WWII in 1945, near the end of the 
WWII, grade 115/145 Avgas was introduced.  Many older aviators today referred to 115/145 as “the 
purple avgas” or “grape juice,” as it was unofficially called.  The “purple” was in reference, the purple 
dye, again used to distinguish the 115/145 fuel from its lower octane counterparts.  By the end of WWII 
massive 4360 cubic inch engines were being produced with extreme amounts of supercharging.  These 
28-cylinder behemoths produced well over 2000 horsepower and allowed for large aircraft to fly at 
previously unattainable high altitudes for very long distance.  The engine demands on the fuel to 
produce this kind of horsepower were tremendous, and so the 115/145 fuel was developed with 8 mg of 
TEL per gallon.  Oldtimers who maintained these engines could testify that just as the U.S. Army had 
found in the early days of TEL testing, these extreme amounts of TEL would routinely cause problems for 
the engines, such as spark plug fowling, sludge in engine oil, carbon buildups in intake and exhaust 
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manifolds, and lead contamination of turbocharging systems.  These high performance engines required 
a high degree of maintenance to compensate for the issues created by the large amounts of TEL.  
However, it was only the use of the TEL that enabled these giant piston engines to perform at the levels 
required to propel the aircraft of the day.  It was in no small part to the performance of these engines 
that allowed the Allied aircraft of WWII to rapidly bring to close a war, that in the early years, the British 
forecast would last for decades.  Both 100/130 and 115/145 was what would power the Allies to victory 
in WWII over Nazi Germany’s Luftwaffe in May of 1945, and the Imperial Japanese Air Force in June of 
that same year.  
Following WWII, it was recognized that something needed to be done to standardize and 
legitimize aviation gasoline with the ASTM.  In 1946, ASTM D02 Subcommittee J on Aviation Fuels was 
officially formed (George E. Totten, 2004). The result of this Subcommittee’s work took shape in the 
form of a tentative specification for aviation gasoline presented in 1947.  The specification known as 
ASTM D910 -47T was voted on, and approved by the end of that year.  D910 specified, “Two grades of 
aviation gasoline, known as: Grade 91-98 & Grade 100 -130 ” (American Society for Testing and 
Materials, 1947).  The new specification separated the “grades of aviation gasoline differing in lead 
content, color, and octane numbers” (George E. Totten, 2004).  It was apparent that this first ASTM 
specification for aviation gasoline, encapsulated all of the existing gasoline knowledge that had been 
gleaned over the first 44 years of powered human flight.  Upon the publication of the D910 specification 
in 1947, the National Bureau of Mines conducted a market survey and collected data on aviation 
gasoline, the survey, “indicated the majority of Grade 80 Avgas production as unleaded, with all higher 
octane Grades containing lead” (Holliman, Barker, & Potts, 1948).  In the same year this report was 
released, Grade 115/145 first appeared on ASTM D910. 
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In 1951, an examination of the history of Avgas revealed that in addition to D910 a second 
specification appeared; a military specification (known as a MIL-SPEC) for aviation gasoline - MIL 5572 
(Clark, 2007). During this same time, other grades began to surface, such as: 80/87, 91/96, 91/98, & 
108/135 (ASTM D910 Task Force of D02.J.02, 2004).  Few of these grades actually made it onto D910.  
Grade 80/87 appeared on D910 as ‘Grade 80’ and grades 91/96 and 91/98 appeared as ‘Grade 91;’ these 
were both leaded fuels and continued to exist on the most current revision of D910 as of 2007 (ASTM 
International, 2007).  In 1955, another study completed by the National Bureau of Mines indicated, “a 
move to almost exclusively leaded AVGAS across all Grades with only one, Grade 80 , sample out of 
seventeen being unleaded” (Blade, National Annual Survey of Aviation Gasoline and Aviation Jet Fuel, 
1955).  A 1960 (Blade, Avition Fuels, 1960, 1961) report published by the same agency, showed similar 
findings.   
In the 1960’s, with the changeover of high performance aircraft to jet power and jet fuel, and 
with over six potential grades of avgas and the demand for aviation gasoline on the decline, the industry 
felt that it must once again complete a “rationalization of Grades in market to largely 80/87 and 
100/130” (ASTM D910 Task Force of D02.J.02, 2004).  Despite this drive to reduce the number of grades 
of gasoline, however, the only grade that was removed from D910 was the grade 115/145.  In the 1962 
version of D910, the following grades were listed, “80/87 (Grade 80), 91/98 (Grade 91), and 100/130 
(Grade 100)” (American Society of Testing and Materials, 1962).  With regard to max lead content and 
how each fuel was defined, 1962 specification listed, “the following information: Max TEL (ml/gal), 
Grade 80-87 = 0.5 (dyed red), Grade 91-98 = 2.0 (dyed blue), & Grade 100-130 = 3.0 (dyed green)” 
(American Society of Testing and Materials, 1962).   
In relation to minimum lead content, “Grade 80-87 = 0, per note d” (ASTM D910 Task Force of 
D02.J.02, 2004). The specification goes on to clarify in Note d , “If mutually agreed upon between the 
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purchaser and the supplier, Grade 80-87 may be required to be free from tetraethyl lead. In such a case, 
the fuel shall not contain any dye and the color as determined in accordance with Method D156” 
(American Society of Testing and Materials, 1962).  This was one of the rare instances where fuel listed 
in D910 actually had a minimum of zero of TEL to be included in the fuel blend.  This zero lead reference 
in the D910 spec was later removed; meaning that all fuels contained in this specification, then had to 
contain TEL with the maximum being called out for each grade of fuel.  This meant that any unleaded 
fuel designed to be used as aviation gasoline could not comply with ASTM D910 as written in 2011.   
This quirk in logic would later cause interesting logic problems for both the ASTM and the FAA, 
in the 1990’s and the 2000’s as attempts  progressed to certificate and deploy unleaded fuels to replace 
leaded fuels exactly.  The problem would become that any fuel specified as an aviation gasoline 
according to D910 spec, had to contain TEL.  Any unleaded fuel, even if the fuel exactly replicated the 
leaded fuel, could not be used in an aircraft because an unleaded fuel could not be included in the D910 
specification as an aviation gasoline.  Only aviation gasoline was legal to be used in U.S. type certificated 
aircraft.  This circular logic created two decades of logistics problems and debate within the industry 
experts of the ASTM and the FAA at the end of the 20th and beginning of the 21st centuries.    
In the 1970’s, the last major changes occurred to the aviation gasoline specification.  There was 
a movement to once again to reduce the number of aviation gasoline grades.  ASTM proposed, “to 
rationalize Grade 80 and 100/130 to one fuel (dyed red), Grade 100LL (100 low-lead) (dyed blue),” this 
new fuel would, “retain the octane rating of 100/130 but reduce maximum TEL content to 0.56 g Pb/L” 
(ASTM D910 Task Force of D02.J.02, 2004).  In 1971, aviation gasoline Grade 100LL was born.  This was 
reflected in 1972 as the United States began the gradual move to one grade of avgas, 100LL.  Initially, 
this did not mean that all of the other fuel grades were abandoned, they were still available to the 
33 
 
consumer; however, there existed a “minor supply of other products e.g. Grade 80/87, 100/130, 91/96 
etc” (ASTM D910 Task Force of D02.J.02, 2004).  
The move to the 100LL fuel was due in no small part to pressure from the United States 
Environmental Protection Agency (EPA).  In 1970, the EPA issued the Clean Air Act of 1970.  Contained 
within that act was the requirement for the use of catalytic converters on automobiles to meet 
emissions requirements in the United States.  When leaded fuels were combusted in automobile 
engines, the tetra-ethyl lead plugged the tiny honeycomb passages of the catalyst matrix, and coated 
over the catalyst material contained in the catalytic converters.  The lead would then render the catalyst 
ineffective and would plug the exhaust flow from the engine, thereby eventually preventing the engine 
from running. By the late 70’s & early 80’s, the United States saw a complete phase-out of leaded 
automobile gasoline.  The 1995 version of the Clean Air Act “banned leaded motor fuels altogether for 
road use” (Passavant G. , 2009).  This left general aviation gasoline as being one of the only fuels left in 
the United States to contain tetra-ethyl lead.  The EPA largely left general aviation gasoline on regulated 
by subsequent versions of the Clean Air Act due to lack of alternatives to 100LL.  The EPA was also 
lenient on the use of lead in aviation fuels in the later decades of the 20th century, due to influence from 
the United States Air Force.  In the 1970’s and 1980’s the U. S. Air Force was still a principle user of 
leaded aviation gasoline for national defense purposes.  Despite the widespread use of jet aircraft the 
Air Force still had a strategic need for piston powered aircraft.  While not published anywhere as an 
official position by the FAA, the ASTM, or the Department of Defense, those associated with the D910 
committee over this period  generally acknowledge this understanding between the EPA and the leaded  
aviation fuel producers/users. By 2000 the Air Force had abandoned all support for aviation gasoline, 
based on the fact that the Air Force had retired all of its piston powered aircraft.  So by the early 2000’s, 
with unleaded fuel no longer a national defense need, the EPA once again began looking at leaded 
aviation fuel as a target for elimination. 
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It is ironic to note, however, with regard to U.S. Military gasoline use, that the deployment of 
large numbers of Unmanned Aerial Vehicles (UAV) in the wars following the September 11 attacks on 
the U.S., has created some small amount of renewed interest in aviation gasoline by the DOD.   Many 
small UAV’s take advantage of the gasoline powered piston engine coupled to a propeller as a very 
efficient propulsive means for these small aircraft.  While unleaded automobile fuel has generally  
proven satisfactory for UAV,s, it is also recognized that a high octane fuel would greatly enhance the 
range and payload capabilities of these small aircraft, just as it did for the piston powered aircraft of 
WWII. There is little reason to suggest that the DOD plans to attempt to resurrect high octane leaded 
fuels for UAV’s.  There is however also little doubt that if a high octane, high heat content unleaded fuel 
emerges, that the DOD would be very interested.  
For those not acquainted with the rational for the EPA’s position on lead, a brief toxicological 
discussion is warranted.   Since the days of the Romans, lead has been an aid to civilized living.  This 
easily malleable metal proved useful things like, indoor plumbing for both fresh water and waste water.  
Before the ability to easily manufacture steel or copper pipes, lead pipes could be easily made and 
connected by flame soldering.  Lead added flexibility to paint and allowed paint to expand and contract 
as wood and steel changed temperature.  Lead became very popular in paint for over a century.   
Unfortunately, continued exposure to lead has some harmful side effects in humans, and presumably 
other creatures.  When ingested, typically by mouth, lead is taken into the bloodstream where the 
body’s liver attempts to filter it out.  Because lead is so stable, once filtered by the liver, the liver cannot 
purge the body of the lead.  The result is liver failure.  Additionally, lead can tend to settle in the brain 
causing motor skill and cognitive brain disorders.  These problems are especially harmful to small 
children.  Because small children tend to put EVERYTHING in their mouths, they tend to be more 
exposed to lead from any source.   Studies also tend to show that once ingested the lead seems to do 
more harm, especially to the brain of children.  Given the choice between flying airplanes and protecting 
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small children, the position of the EPA is easy to understand.  Debate continues to this day regarding 
acceptable levels of exposure, testing methods, and how public policy is to be enacted, however, the 
EPA holds the high ground in this battle so there is no doubt that end of use of lead in motor fuel is in 
sight in the foreseeable future. 
Over the years since 1972, aviation gasoline specifications remained largely unchanged.  
However, just because the specification exists there needed also to exist a viable market for producers 
and distributors to supply.  As quality control concerns arose, and aviation accident litigation cases grew 
exponentially in the late 20th century, producers and distributors rapidly moved towards the single fuel 
option at the beginning of the 21st century, 100LL.  Grades 80 and 100/130 quickly became extinct 
across North America to general aviation pilots and aircraft owners.  Aircraft that were designed to run 
on the 80 octane gasoline were upgraded to run on 100LL, and most all of the airplanes that were 
certified to run on 100/130 were also dual-certified to run on grade 100LL.  In most of these cases, dual-
certifying these aircraft consisted of merely filing additional paperwork.  Even new production aircraft 
today, such as the Cirrus aircraft, were dual-certified to run on fuel Grades 100LL and 100/130, even 
though Grade 100/130 was not available in the continental United States where the flight testing of the 
aircraft was conducted.  
This move to a single fuel, 100LL, was not a completely painless transition for general aviation.  
Aircraft designed to run on Grade 80 tended to experience more lead fowling of spark plugs, oil sludge, 
and lead continuation of engine systems. The 100LL at 2mg of lead per gallon contained more than four 
times the lead of the grade 80 that it was replacing (0.50 mg per gallon).   The engines designed to run 
on the 100/130 (green) fuel did suffer some performance losses with the lower octane fuel.  Many of 
the performance losses were not felt by the typical user, since in most engines there was some margin 
designed into the engines, to account for worst case low octane ratings in random batches of fuel.   
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There was, however, range and power loss for many of the very high performance engines.  In the early 
days of the changeover to 100LL, there were problems with engine valve failures, and valve cracking 
since lead, both lubricated the valve guides, and provided a good metal to metal contact of the valve 
faces for valve cooling.  Despite inconvenience and additional expense to the aircraft operators, these 
valve train problems were resolved via the use of improved materials.  By 2011, stories of lead being 
needed for long engine valve life, or being a player in valve failure, remained only as airport legends, and 
were not considered to be problems in modern engines. 
The history of aviation gasoline and the ASTM D910 specification reflect over 105 years of 
practical experience & through trial and error.  The information contained in today’s version of the 
specification is comprised of the building blocks of years past.  Aviation gasoline has become the most 
regulated and specification controlled non-nuclear fuel on the face of the planet.  This is quite 
impressive considering that today’s most advanced piston aircraft still continue to operate on a fuel that 
has remained essentially unchanged since 1972.  The future is pointing toward unleaded aviation fuels, 
with the industry, the government, and users demanding it more and more each day.  It is clear 
however, that ASTM D910 is intended only for leaded aviation gasoline; therefore, alternative 
specifications with the same rigor and attention to detail as D910 must be sought.  After decades of 
debate, the logic problems created by introducing and unleaded fuel into D910 are insurmountable.  
There is hope for unleaded aviation gasoline, however, ASTM has committed to the development of a 
new aviation gasoline specification just for unleaded fuels.  They have also committed to the 
development of specifications for aviation fuels created from non-petroleum sources.  This work 
continues to build on the lessons learned from nearly a century of aviation fuel development and engine 
experience.  These new fuel specifications are building on both the good and bad lessons learned.  As we 
move forward into the next millennium of flight, and the fuels that are to power future general aviation, 
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Chapter # 2 
ASTM D910- The Backbone of Aviation Gasoline 
 
 As one has by now gathered, aviation gasoline today has been a work in progress since the first 
specification was introduced in the mid 1940’s. The ASTM D910 is the result of years of experience by all 
involved with the handling and use of aviation gasoline. Before alternatives to 100LL are examined, one 
must first understand the D910 and all of its subtleties. D910 has been tweaked throughout the years as 
more has been learned during the operation of the fuels it specifies. Most tend to think that when a new 
fuel is produced, the FAA should have the final say so on the fuel’s certification. This is not entirely true, 
nor should it be.  The FAA Administrator, Randy Babbit, recently discussed the FAA’s position on this 
topic; he said that, “the FAA does not certify whether or not a fuel is viable, it (the FAA) leaves that call 
to the ASTM and other industry groups” (Babbit, 2010). Mr. Babbit went on to say that, “the FAA will 
continue to support this industry-wide process of certifying an unleaded fuel” (Babbit, 2010). However, 
those that aim to circumvent the ASTM process are doing so because of commercial interests rather 
than ultimate safety of flight.  In 2010, an alternative fuel developer seemed to think that Mr. Babbit 
should have taken another approach. Another alternative fuel producer said that he felt, “the ASTM 
process is archaic and unnecessary,” and that “we (the company he represents) should not be held up 
by the grey-beards at ASTM” (AvWeb, 7).  At first inspection it may seem that this is a statement, which 
is logical and well founded; however, once one realizes that ASTM and its members representing 
aviation interests from around the world view safety of paramount importance, this argument begins to 
dissolve. While it is not that his public comments reflect an intention to produce an unsafe product, 
quite the contrary, this gentleman is also an expert in his field and is just as committed anyone else in 
aviation to safety.  This author only mentions this as a specific example of a difference of opinion 
between preeminent experts in aviation fuels.  Where more than one expert exists, there is guaranteed 
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to be more than one perspective on a solution.  The function of ASTM and the spec process is to bring 
these alternatives before experts from around the globe, and discuss the merits of these ideas in a 
highly structured and open forum.  The process can be slow, since most of the ASTM participants are 
volunteers and have other full time professional jobs.  The slowness of the process is also its, elegance 
and power.  The presentation, review, discussion, balloting, revision and resubmission process, allows 
experts from every facet of aviation to examine the proposal and to improve it.   Peer criticism can be 
frustrating and time consuming.  However, there have been many more failed fuels than approved fuels 
over the past 100 years.  Some failures came as fuels were used, in these cases there is the potential for 
loss of life.  As such the ASTM committee members take their responsibility to fully examine a new fuel 
very seriously.  The power in ASTM is that it brings experts from areas where an individual expert might 
not otherwise have knowledge.  Many bad fuels have been revealed over the years due to the length of 
the ASTM process.   
It is understandable that the developer of a good fuel will be frustrated that the world does not 
embrace the fuel immediately.  When the developer KNOWS it is a good fuel, and it actually IS a good 
fuel, the slow pace of spec certification can be frustrating beyond belief.  However, it is not good enough 
for just the developer to know the fuel is good, all of the parties affected worldwide, including the 
producers, the transporters, the engine manufacturers, the airframe manufacturers, the aircraft 
component manufacturers, the EPA, the FAA, and the users, need to know how a new fuel affects them.  
So while slow, it is better to take time for EVERYONE to know what the fuel does, rather than risk the 
consequences.  As they say, when the engine quits on the airplane, you cannot just pull off to the edge 
of the road.  And in any professional organization there are differences of opinion on technical concepts, 
that is the unfortunate side effect of public scrutiny, but over time public peer review has proven to be 
the best way to resolve technical issues. 
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 Given all of this, the ASTM D910 specification, and the D910 spec committee, would seem like a 
logical place to start if one were attempting to develop a unleaded replacement for 100LL.  As the title 
indicates D910 is the, “Standard Specification for Aviation Gasolines.” In the scope, it states that, “This 
specification defines specific types of aviation gasoline for civil use. It does not include all gasoline 
satisfactory for reciprocating aviation engines. Certain equipment, or conditions of use, may permit a 
wider, or require a narrower, range of characteristics than is shown by this specification” (ASTM 
International, 2007).  It would seem then that based on this scope, this would be the appropriate 
specification for and unleaded replacement to 100LL; that is of course however, until one gets down to 
section six.  In section six, materials and manufacture are discussed.  This is where the following 
statement on mandatory additives is found, “Tetraethyl Lead, shall be added in the form of an antiknock 
mixture containing not less than 61 mass % of tetraethyl lead and sufficient ethylene dibromide to 
provide two bromine atoms per atom of lead” (ASTM International, 2007).  This is where any unleaded 
fuel, meant to replace 100LL, would become disqualified for inclusion in D910.  This statement alone 
requires the mandatory inclusion of tetra-ethyl lead into any fuel that occupies this specification.  The 
ASTM has proven time and time again that they are unwilling to remove this requirement.  It is generally 
felt by ASTM members that only leaded fuels be covered by D910 and that any unleaded fuels be 
covered by another specification.  Therein lies the problem, since D910 and 100LL have been the single 
source fuel and single source specification covering aviation gasoline since 1947; airframe 
manufacturers and engine manufacturers have referred to ASTM D910 as the only certification a fuel 
must achieve to be certified for use on their airframe and engine type certificates.   
So why doesn’t ASTM simply remove the reference to lead in the D910 document?  At first this 
would seem to be the quickest solution to the problem.  The obstacle to this, are the individual ASTM 
members on the D910 committee who represent the various airframe, powerplant, component, 
manufacturers, representatives of the gasoline distribution system, and the FAA.  The best way to 
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illustrate the problem is by example.  In this example, Cessna is used for illustrative purposes.  Cessna is 
not used here for any reason other than they are a universally know aviation company with hundreds of 
thousands of aircraft worldwide, that they are the foremost leader in general aviation for research on 
fuel related research.  So say for example that Cessna has certified their aircraft, based its performance, 
and the durability of all of the fuel system components based on a D910 spec fuel.  As a result, the Type 
Certificate Data Sheet supplied to the FAA .   The Type Certificate Data Sheet, or TCDS as it is commonly 
known, provides key performance data of the aircraft based on the fuel on which the aircraft is operated 
during the flight certification process.  Parameters such as airspeed, power settings, rate of climb, fuel 
consumption, take off distances, related aircraft instrument markings, operating instructions, and 
methods are all established based on how the aircraft operates on the fuel used during certification.   
In addition to flight parameters, the materials used in the aircraft’s fuel system are based on the 
chemical composition and characteristics of the fuel used for the aircraft design.   Since Cessna purchase 
components from suppliers and vendors, everyone who makes a part and sells it to Cessna for use on 
the aircraft is basing the design of these parts on the type of fuel used.   Once parts are determined fit 
for use on the aircraft being certified, the design of these parts are frozen, and the FAA controls the 
design of these parts through separate certification processes, known as either a Parts Manufacturer 
Authorization (PMA), or a Technical Standard Order (TSO).  Once accepted on the list of approved parts 
for the aircraft being certified, changes cannot be made to these parts without recertification of either 
the individual parts or the aircraft as a whole.   This process is known as configuration control.  
Configuration control is the only way that the performance parameters of the aircraft and its related 
systems can be maintained.   If random changes are allowed to even seemingly insignificant parts on the 
aircraft, it is possible that any one change, or an accumulated effect of many small changes, could alter 
the way the aircraft operates.  Random changes in how aircraft operate are not acceptable, since flight 
crews must depend on the fact that all aircraft of a particular make and model, all perform as near 
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identically as possible.  Even changes to the aircraft that improve its performance in a positive direction, 
can result in operation of the aircraft that can result in structural damage to the aircraft, under extreme 
conditions.   
What does the concept of configuration control have on the decision by ASTM not to simply 
remove the requirement for lead from the D910 specification for fuel?  Quite simply, the aircraft was 
not certified on unleaded fuel. From a philosophical point of view, if the fuel is changed, the aircraft 
cannot be operated in the same manner as it was originally certified. Maybe the aircraft can perform the 
same way and maybe it cannot, but if the fuel is changed, the aircraft model, and all related 
components, would have to be re-certified on the new fuel.  There are processes for doing this, but they 
are cost prohibitive.  Unless someone with enough money can do the recertification, a change to the 
D910 specification could result in every aircraft becoming non-compliant with that aircraft’s Type 
Certificate Data Sheet.  While Cessna is among the largest of the general aviation aircraft manufactures, 
even Cessna does not have the funding for these types of re-certifications.   
What is described in the previous paragraph addresses only the logic problem, where there may 
even be no detrimental effect on the aircraft or its components.  The importance of configuration 
control is further complicated if a change in the fuel specification actually did have a negative effect on 
some components in the aircraft’s fuel system.  First re-certification testing has to be done to verify 
whether there IS any negative effects, and if any are found now expensive changes to design must be 
made to correct the negative effect.  These corrections then result in further complications to the parts 
supply system and to the technical standards to which the aircraft are maintained.   
While it would seem that for the elimination of lead from fuel, the expense would be justified, 
the problems is that fuel is not the only part of the aircraft that is competing with funding for design 
changes in the general aviation fleet.  There are hundreds of changes in the system at any given point in 
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time, for things ranging from serious safety of flight issues, to changes necessary because vendors have 
gone out of business and new sources of parts must be certified to keep the existing fleet operational in 
its original configuration.   Keeping fleets of aircraft in the air is an expensive endeavor and the amount 
of money available is very limited.   As a result, the aircraft manufacturers, the FAA, and the ASTM are 
extremely hesitant to make changes that have fleet wide effects on the certification of aircraft. 
All hope for an unleaded replacement fuel is not lost though; the industry and ASTM alike have 
attempted to devise a solution predicated on the history and knowledge contained within D910, without 
placing restraints for future unleaded fuels.  ASTM has had in place since early 2008 a task force formed 
to develop a separate “Specification for Unleaded Aviation Gasolines.”  The new specification is known 
as ASTM D7547.  D7547is essentially a duplicate image of D910, but removes the requirement for a 
mandatory additive of tetra-ethyl lead.  This makes the evaluation of this new specification for those in 
the industry, and the FAA who must now implement it.  Why?  Because not the established fuel, on 
which most of the piston engine fleet is certified, remains untouched.  Even when D7547 is eventually 
approved, it does not replace D910, but instead adds another fuel option.  Once there becomes two fuel 
options, D910 and D7547 are approved, then new aircraft can be certified on either one or both fuels.  
Existing aircraft can be re-certified on as needed basis, where the re-certification process can be 
prioritized based on the individual needs of a particular model of aircraft, the amount of fuel consumed, 
and the economic viability of performing a re-certification on a particular model of aircraft.  
This is a topic that is explored in greater detail in later chapters. With all of this in mind it 
becomes clear why a person must first understand why each section of D910 exists, and the 





The D910 spec 
 Section one, already discussed, is the scope of the specification.  The scope is intended to tell 
producers and users what the specification is designed to cover.  In D910, the scope says that the 
specification, “covers formulating specifications for purchases of aviation gasoline under contract and is 
intended primarily for use by purchasing agencies *… and that it+ defines specific types of aviation 
gasolines for civil use” (ASTM International, 2007).  Aviation gasoline in 2011 is distributed by six major 
distributors in the United States (C. Sincock, personal communication, 2008).  Due to the highly litigious 
nature that surfaces after general aviation accident, these distributors must be extensively insured if 
they are to carry and distribute the product.  Since the fuel is required to meet very precise 
specifications, “jobbers” (or fuel distributing contractors) are unable, under these insurance policies, to 
hold a fuel at the airport.  Therefore, the task of distributing all of the nation’s avgas falls solely on the 
hands of these six distributors.   
Refineries use D910 as not only a recipe guideline, but a quality control document to ensure that 
the six distributors are picking up from the fuel refiner, an “on-spec” product.  After the refineries make 
a batch of 100LL the fuel is sent to an ASTM approved laboratory for D910 testing.  The tests are done to 
verify the physical properties of the fuel, the fuel’s chemical composition, and to verify that the fuel 
meets the specifications stated in the D910 document. If the fuel passes, it is then given a certificate of  
(COA) analysis proving that the fuel is “in specification.” When the distributor picks up the certified fuel, 
the certificate of analysis follows that batch of fuel to the individual airports.  It is upon delivery that the 
airport receiving the fuel is given the certificate of analysis to prove that the batch of fuel they are 
receiving was on-spec at the time the fuel was batched and tested.  In section four of the D910, it 
addresses this topic of when the fuel is certified in the following way, “This specification, unless 
otherwise provided, prescribes the required properties of aviation gasoline at the time and place 
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of delivery” (ASTM International, 2007).  Although this somewhat describes the process, the standard 
approach by producers and distributors test the fuel at the time of production, rather than at the place 
of delivery (fueling the aircraft).  “Delivery” as stated by ASTM is generally accepted as delivery from the 
refiner to the fuel distribution system, as opposed to delivery to the airport, or delivery to the aircraft. 
The point in time between production at the refinery and pumping into the airport fuel tanks can 
sometimes be a matter of months.  Nonetheless the system used by distributors and manufacturers has 
allowed for safe transit and delivery of the United States’ avgas supply for nearly 60 years.   
It should be noted that one other specification is used in the United States to ensure the quality 
of fuel begin delivered to the aircraft.  Since the fuel receives its certificate of analysis when the fuel 
leaves the refinery and enters the national fuel distribution system, there is a potential for bad things to 
happen to the fuel while being transported, stored, and pumped into aircraft.  This quality control is 
beyond the scope of ASTM.    
The one minor hiccup to a potential new fuel being certified by the FAA, and not covered by an 
ASTM specification, is that the fuel distributor’s insurance policies only cover fuels that are covered by 
an ASTM certification.  This point seems ardently stressed by the distributors at ASTM meetings.  In 
2008, a representative for AvFuel ,the nation’s largest independent (non oil company branded) 
distributor, said, “We will not carry a product that is not covered by an ASTM certification” (C. Sincock, 
personal communication, 2008).  This statement was made in reference to the insurance implications of 
distributing a non-ASTM certified fuel. 
 Also contained in the first couple sections of D910 is a list of referenced ASTM specifications 
used to compile D910.  Section three contains a list of definitions as they pertain to the specification.  In 
section five is the classification area.  The classification area is where all of the grades of aviation 
gasoline covered by the current D910 specification are listed.  It is unlikely that additional grades are to 
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be added to this section in the future, rather it is expected rather that current existing grades shall be 
deleted as time goes on.   
Section six is the last section of the preamble of the D910 specification.  The first part of section 
six defines from what that the aviation gasoline defined in the D910 specification should be made.  It 
reads, “Aviation gasoline, except as otherwise specified in this specification, shall consist of blends of 
refined hydrocarbons derived from crude petroleum, natural gasoline, or blends, thereof, with synthetic 
hydrocarbons or aromatic hydrocarbons, or both” (ASTM International, 2007).  Here again it can be seen 
why there is a problem with using D910 as the place for the definition for future unleaded fuels.  In the 
future it is very likely that alternative sources for fuels lies beyond petroleum.  Fuels including both jet 
fuel and gasoline derived from agricultural sources, algae, or even fuels that are created chemically 
through totally synthetic means are not only possible, but probable.  It is becoming increasingly likely 
that the next generation of aviation gasoline shall come from a non-petroleum source.  By using the 
statement listed in D910 saying that all fuels, “shall consist of blends of refined hydrocarbons derived 
from crude petroleum” (ASTM International, 2007), the specification immediately disqualifies any 
second generation and beyond fuels.  Here again, this is where the new D7547 specification comes into 
play.  This new specification does not restrict the source of gasoline to traditional petroleum crude oil 
sources. 
One other area that is delved into in section six of the specification is what dies shall be used to 
indicate grade of fuel under this specification.  The following colors are mentioned: blue, yellow, & red.  
From these dyes all the colors of the different grades of aviation gasoline can be identified.  The dye is 
not a part of the manufacturing process for the fuel, nor a result of the refining, but is rather simply and 
identifying color that is added to the fuel at the time of delivery into the distribution system.  The only 
purpose of the dye is to enable the users to distinguish one grade of gasoline from another.  Where an 
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aircraft must operate on one particular grade of fuel, the dye allows the user to know that the proper 
grade of fuel is being put in the aircraft.  This is the last section that appears in the preamble of the 
specification.  The next section to appear is the actual table of properties, which is the real backbone of 








 Figure 1 above shows the Table 1 of D910. It is the Rosetta stone of the different grades of 
aviation gasoline. Described within Table 1, at the top are the current 4 grades of aviation gasoline. This 
is where the grades are differentiated by MON, RON (supercharge number), and by color. In this part of 
Table 1, each of the grades are differentiated and are distinctly different. One also notices in this area 
that the maximum amount of TEL is specified for each grade. After the dye requirements are listed, the 
table morphs into one column of requirements. Listed are the “requirements for All Grades” which apply 
to all of the previously mentioned grades. These 23 tests, based on performance and not recipe, and 
their associated limits are the result of years of real-world experience. All of the tests listed are 
references to additional ASTM tests which instruct the proper methods of conducting each test. In 
regards to a new fuel coming to market, there are very few items in this table which can be altered in 
some sort of new specification. Basically put, this table is the fingerprint of aviation gasoline, any new 
fuel would have to closely resemble if not match this fingerprint to be successful as a replacement.  
 Looking at Table 1 in-depth reveals some very interesting things. Further explained throughout 
the remainder specification is the rationale of why each item was set as it was. This is the real 
interesting part of the D910. Most specifications do not go into this level of detail of chronology; 
however, since D910 is over 60 years old, the D02 committee covering D910 feels this is an important 
part of the specification itself.   This table has ensured that the major items of importance to operation 
in an aircraft have remained unchanged. Since D910 is a performance based specification, and not a 
recipe for aviation gasoline, it is important to address things like additives. According to the D910, 
additives “may be added to each grade of aviation gasoline in the amount and of the composition 
specified in the following list of approved materials. The quantities and types shall be declared by the 
manufacturer. Additives added after the point of manufacture shall also be declared” (ASTM 
International, 2007). This refers to a list, which is contained in an ASTM research report. The list itself is 
beyond the scope of this examination; however, it is of importance to show that the D02 committee has 
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truly thought of just about every are that could cause unsafe operation. When this list is compared to 
the original daft of the specification from 1947, it can be found that additives are not even mentioned or 
called out in any one section of the specification. (American Society for Testing and Materials, 1947). 
This leads one to believe that over time, as different additives have been found not to work in leaded 
avgas, D02 began to compile a list of known acceptable additives. ASTM, then crafted D910 to refer to 
that list and thus compatibility with additives has become a requirement of the specification.   
 A person can find in the Appendix of the specification, this chronology of the D910 standard and 
the rationale for each item included in the Table 1. The Appendix contains “Nonmandatory 
Information,” meaning that the information contained in this specification is only for clarification, and 
not a requirement of certification under this specification. To the casual reader, this section is often 
overlooked. But by examining this section further, one begins to get a clearer understanding of why this 
specification has become one that defines the, “most highly regulated fuel on the face of the earth” 
(Passavant G. , 2009). In fact, the first section of the appendix describes aviation gasoline as, “a complex 
mixture of relatively volatile hydrocarbons that vary widely in their physical and chemical properties. 
The engines and aircraft impose a variety of mechanical, physical, and chemical environments. The 
properties of aviation gasoline (Table X1.1) must be properly balanced to give satisfactory engine 
performance over an extremely wide range of conditions” (ASTM International, 2007). The specification 
further alludes to the point that the fuels contained within this specification are defined the way they 
are due to years of cooperative experience between fuel producers, aircraft companies, engine 
companies, pipeline distributors, additive companies, the U.S. military, civilian aviation, and aviation 
federal regulators. The specification reads that the requirements of the fuels listed in Table 1 are, 
“quality limits established on the basis of the broad experience and close cooperation of producers of 
aviation gasoline, manufacturers of aircraft engines, and users of both commodities” (ASTM 
International, 2007).  
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The next area of the appendix goes into great detail of how the antiknock quality (i.e. MON and 
supercharge) numbers have been derived and the importance of each of those numbers. Of late, 
Lycoming Engines has advocated the importance of a 100 octane fuel and the need for its continued 
existence. When posed a question in Lycoming’s recent fuels bulletin of using a sub-100 octane fuel, and 
whether it was really necessary to have a 100 MON fuel, a Lycoming representative responded with the 
following statement: “The bigger issue is that the aircraft that need 100 octane fuel to maintain their 
performance are also the aircraft that fly the most, use the most fuel, and access related aviation 
services most often. If these aircraft lose access to 100 octane and can no longer perform the missions 
for which they were intended, owners and operators may decide to remove them from service, 
decreasing demand for aviation grade fuel and aviation services” (Lycoming, 2010). Although there is 
much information in the public domain regarding the importance of a 100 MON fuel for aviation, and 
warning that general aviation’s future would be in question without 100 MON fuel; it is important to 
understand what the engine manufacturers have to say on the issue because they are the experts on 
what their engines require to run safely. This insight from Lycoming is important as Lycoming holds well 
over 70% of the general aviation piston engine market (Ian Walsh, 2008). The Lycoming position goes on 
to mention that if a 100 MON fuel does not come to market to replace 100LL, “expensive retrofits would 
likely fail to make up for the loss in octane. To make up for the lost revenue, providers of aviation goods 
and services would likely be forced to increase prices charged to those who remain in piston general 
aviation. In total, the economic cost to general aviation could be in the billions of dollars” (Lycoming, 
2010).  The key elements here are that the engines cannot be modified to make up for the loss of 
performance, and what modifications are added to restore some of the performance, would 
dramatically increase the cost of the goods and services provided by these aircraft. 
This argument by Lycoming becomes even more relevant as the concept of carbon tax is 
discussed with relation to aircraft.  As the octane ratings of aviation gasoline has been lowered over the 
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years, it has been generally assumed that turbine engines would gradually replace the high horsepower 
piston engines.  As turbine engines became lighter and more affordable in the 300 hp to 1000 hp ranges, 
there seemed to be less need for piston engines in these ranges.  However, turbine engines have been 
targeted as emitters of CO and CO2.  The result of this is discussion around the world regarding imposing 
high taxes on turbine fuel.  The purported purpose of these taxes is to force users to use less carbon 
intensive modes of travel.   This then means that in the 300 to 1000 horsepower ranges there could well 
be no aircraft powerplants available.  Those working aircraft that carry supplies to remote regions of the 
planet, perform humanitarian aid, and provide transport of people to places not served by heavy turbine 
powered aircraft, could find themselves parked for lack of fuel and no suitable replacement 
powerplants.  
 Beyond the explanation of octane numbers, the D910 specification explains why in particular 
TEL was chosen, and still in use. D910 explains that, “Tetraethyl lead offers the most economical means 
of providing high antiknock value for aviation gasoline. It is added to aviation gasoline in the form of a 
fluid which, in addition to tetraethyl lead, contains an organic halide scavenging agent and an identifying 
blue dye” (ASTM International, 2007). When aviation gasoline was developed, the discipline of organic 
chemistry (chemistry carbon based sources), was in its infancy.  In-organic chemistry or chemistry 
involving atomic elements and non-hydrocarbon molecules was well established.  When working with 
in-organic chemical compounds, it turns out that not only is tetraethyl lead the most economical 
solution to gasoline detonation, but maybe one of the only solutions.  In the hunt for replacements for 
tetraethyl lead since the 1970’s there have been no promising replacements.  And even as organic 
chemistry has developed into a better known science there have proven to be few alternatives.  So the 
specification’s statement is in fact a dramatic understatement about why TEL is used. 
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With regard to the dyes, one might question as to why the need for aviation fuel to be dyed 
exists. The D910 states that by law all fuels “containing tetraethyllead must be dyed to denote the 
presence of the poisonous component. Colors are also used in aviation fuels to differentiate between 
grades” (ASTM International, 2007). The dye section also mentions that previous experience has shown 
that “only certain dyes and only certain amounts of dye can be tolerated without manifestation of 
induction system deposition” (ASTM International, 2007); this is the reason limits are listed for each dye 
in Table 1.  
 Density is mentioned briefly in the specification. Table 1 requires that the density is a reported 
value rather than within a range of values. In the Appendix, it mentions that density is important for fuel 
flow metering in aircraft fuel systems. The next item that is mentioned is the requirement for a Net Heat 
of Combustion value in Table 1. According to Table 1, the Net Heat of Combustion has a value listed as 
the minimum a fuel should read. The specification continues to state that this is an important parameter 
because this value “provides a knowledge of the amount of energy obtainable from a given fuel for the 
performance of useful work, in this instance, power. Aircraft design and operation are dependent upon 
the availability of a certain predetermined minimum amount of energy as heat” (ASTM International, 
2007). If this minimum value is violated in a fuel sample, would result in an increase of overall fuel 
consumption noticed by the pilot and a subsequent loss in range.  In fact all aviation gasoline has the 
same heat/energy content regardless of the octane rating.  Just as with automobile gasoline, a higher 
octane rating does not indicate more heat or more energy in the fuel.  The popular myth that high 
octane engines contain more heat, or energy, probably comes from the common knowledge that higher 
horsepower engines use high octane fuel.  People assume that it is the high octane fuel that provides 
the engine’s power, when in fact it is the design of the engine that produces high horsepower, and the 
high octane fuel simply allows the engine to run properly. 
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There are two methods used in the current D910 to obtain this measurement of heat content, a 
direct measurement method, and an estimation method. The estimation is used with current 100LL 
because the parameters of gasoline are well known; however, with future unleaded fuels, the 
estimation method is not as reliable. Therefore, the direct measurement method afforded by ASTM 
D4529 is preferred by ASTM. The section concludes that “No great variation in density or heat of 
combustion occurs in modern aviation gasolines, since they depend on hydrocarbon composition that is 
already closely controlled by other specification properties” (ASTM International, 2007). This line of 
thought is surely to change as new fuels which are outside of the box of current D910 fuels comes to the 
forefront of fuels. The new specifications which govern these new fuels have been edited to account for 
these eventual changes.  
 The next major area of the appendix discusses fuel volatility. According to its definition, volatility 
is “the property of changing readily from a solid or liquid to a vapor” (Merriam-Webster, 2011).  When 
relating to aviation gasoline, volatility means a couple different things.  The specification specifically 
breaks volatility into two separate sections including vapor pressure and distillation.  The first area 
explained in detail as vapor pressure.  As compared automobile gasoline, avgas has a much narrower 
band of vapor pressure.  Vapor pressure in general refers to the fuels ability to vaporize or evaporate.  In 
aviation vapor pressure is important because of vapor locking tendencies with fuels that are above the 
upper end of the vapor pressure range listed in D910.  Vapor lock is when the liquid fuel turns from a 
liquid to a gas, or vapor, somewhere in the fuel system of the aircraft before the fuel gets to the engine 
cylinders.  When fuel “vapor locks” the supply of fuel to the engine is interrupted and the engine stops.  
Controlling the vapor pressure of aviation gasoline is important and difficult since the engines go to high 
altitudes.  The low atmospheric pressure at high altitude can facilitate unwanted fuel vaporization, or 
vapor lock.  This section of the specification refers the reader to a research report discussing in great 
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detail the lessons learned by the ASTM subcommittee regarding vapor pressure, and how these lessons 
pertain to aviation.   
The next important section covered under the volatility section is distillation.  When examining 
alternative fuels, which are different in composition than current 100LL, distillation is where a person 
notices variations from the D910 standard.  This section of the specification explains the importance of 
each one of the parameters of listed in Table 1.  In its broadest form, the percents listed in Table 1 under 
distillation represent the percents at which the corresponding value of the sample being distilled has 
evaporated.  For example, the first percent that is listed is 10% volume evaporated.  The number the 
report is asking for is a temperature in degrees centigrade.  Listed in D910 is the maximum temperature 
that an acceptable sample can reach at 10% evaporated (distilled).  According to D910 the reason that a 
maximum of 75° C was set for 10% is to, “ensure ease of starting and a reasonable degree of flexibility 
during the warm-up period” (ASTM International, 2007).  One then notices reading the appendix that 
the subcommittee explained why there was a minimum of 75° C established in the D910 at the 40% 
volume range.  The specification explains that this minimum value was included “in an effort to control, 
indirectly, specific gravity and, consequently, carburetor metering characteristics” (ASTM International, 
2007).  Continuing on down the distillation curve, the next specified point is the 50% volume evaporated 
maximum temperature.  The specification indicates that this temperature shall be no more than 105° C.  
In the discussion contained in the appendix the subcommittee explains the reason this value was added 
was “to ensure average volatility sufficient to permit adequate evaporation of the fuel in the engine 
induction system. Insufficient evaporation may lead to loss of power” (ASTM International, 2007).  One 
of the last specified volumes contained within the distillation curve is the 90% volume distilled point.  
The specification indicates that this temperature shall not exceed 135° C.  This was done in an attempt 
to “prevent too much liquid fuel being delivered to the cylinders, resulting in power loss, and to prevent 
poor distribution to the various cylinders” (ASTM International, 2007).  If the following condition was 
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present the fear is that some individual cylinders may become extremely lean.  The pilot would notice 
the propagation of this situation “with consequent engine roughness, perhaps accompanied by knocking 
and damage to the engine.” The committee also goes on to mention that “Lowered fuel economy and 
excessive dilution of the lubricating oil may result from too high a 90 % evaporated point” (ASTM 
International, 2007).  
 Surrounding the individual percents contained within the specification, there exists the initial 
boiling point of the fuel, which is a reported value rather than a maximum or minimum. A final boiling 
point is specified to be at a maximum of 170° C.  The initial and final boiling points most directly 
translate to operational considerations.  The initial boiling point is reported as the temperature at which 
the initial drop of the test sample evaporates.  This value is most closely related operationally with the 
ease of a given fuels ability to vaporize during a cold start of an aircraft engine.  Even though there is no 
direct maximum or minimum applied to initial boiling point one can determine that it must occur before 
75° C; this is because by 75° C, at least 10% of the volume must be evaporated.  With regard however to 
the final boiling point, the maximum prescribed by D910 is 170° C.  The rationale for this specification 
parameter indicates the fuels ability to hot start an aircraft engine.  The committee explains that the 
reason a maximum value was cited for the final boiling point (also known as the end point) along with a 
maximum for the 90% evaporated point was to, “prevent incorporation of excessively high boiling 
components in the fuel that may lead to maldistribution, spark plug fouling, power loss, lowered fuel 
economy, and lubricating oil dilution” (ASTM International, 2007).  Basically what the committee was 
saying was that a fuel manufacturer could keep hot fuel from boiling by adding lots of heavy 
hydrocarbon compounds.  These heavy compounds might not burn well and would cause problems in 
the engine.  In order to limit how much of these heavy compounds the fuel manufacturer can “dump” 
into the gasoline to keep the hot fuel from boiling.  Ideally an alternative to 100LL would mirror the 
distillation curve contained within D910; however, with the emerging alternatives this is proving not to 
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be the case.  This is because the parameters in the specification have been created around the physical 
properties and reactions of hydrocarbon based gasoline.  Alternative fuels may well not behave the 
same way as gasoline.  Therefore, if for example, an alternative did not meet the 90% point in the 
distillation curve the items mentioned above of “maldistribution, spark plug fouling, power loss, lowered 
fuel economy, and lubricating oil dilution” would all have to prove via test data that they were 
unaffected by the alternative fuel.  All of the above mentioned items are what is considered the core of 
the distillation curve; however, there are some other lingering variables based off of the distillation 
numbers which are specified in D910.  They are: sum of 10% + 50% evaporated temperatures, recovery 
volume, residue volume, and loss volume.  The first test is somewhat self explanatory, the 10% value is 
added to the 50% value and the temperature is reported.  The sum of these temperatures must be 
greater than 135° C.  The reason this item was added into D910 Table 1, according to the subcommittee, 
this value was included “To guard against too high a volatility that might lead to carburetor icing or 
vapor lock, or both” (ASTM International, 2007).  With regard to the other items of the distillation curve 
included in D910, the committee explains that , “The stipulation of a minimum recovery and a maximum 
loss in this specification in conjunction with the vapor pressure requirement is intended to protect 
against excessive losses by evaporation in storage, handling, and in the aircraft tank. It is also a check on 
the distillation test technique” (ASTM International, 2007).  These subtleties in determining the 
parameters is the result of decades of experience that should not be ignored when designing the next 
generation of unleaded aviation gasolines.  The last and final distillation value discussed is the 
requirement not to exceed a maximum value of 1.5% residue volume.  Residue volume is what is left 
over that could not evaporate during the distillation test.  The committee explains that the reason they 
put this maximum value in D910 was to “prevent the inclusion of undesirable high-boiling components 
essentially impossible to burn in the combustion chamber, the presence of which may reflect the degree 
of care with which the product is refined or handled.” The committee also goes on to summarize that 
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the amount of residue remaining after distillation when combined with the end point temperature data 
can be used as a measure of fuel contamination with undesirable “high-boiling materials” (ASTM 
International, 2007).  
 Another parameter which is listed in Table 1 is a maximum freezing point.  The temperature 
listed in Table 1 is -58° C.  This parameter is included in D910 to ensure that any fuel that is considered 
avgas does not begin to freeze at altitude while an aircraft is in flight.  This would obviously disrupt the 
fluidity of the fuel and its ability to effectively flow through the fuel system of the aircraft.  The 
subcommittee also mentions that a fuel system icing inhibitor may be added to aviation gasoline.  
Specifically, the subcommittee mentions that “Isopropyl alcohol (IPA), approved in 6.3.2.1, and 
diethyleneglycol monomethyl ether (Di-EGME), approved in 6.3.2.2” (ASTM International, 2007), are 
acceptable fuel system icing inhibitors under D910.  Also discussed in this section of the appendix are 
the potential corrosion of fuel system and engine parts.  Two tests are included in the D910 Table 1 that 
pertain to corrosion characteristics of the fuel.  The first test, the copper strip test, requires that the fuel 
pass the immersion of a copper strip in a sample of fuel.  This test “provides assurance that the product 
will not corrode the metal parts of the fuel systems” (ASTM International, 2007).  The second corrosion 
test of sulfur by mass percent aims to measure the total sulfur content of the tested aviation fuel.  This 
test is “significant because the products of combustion of sulfur can cause corrosive wear of engine 
parts” (ASTM International, 2007).  
 The last major section of explanation of Table 1 pertains to fuel cleanliness & handling and 
storage stability.  Explained in this section are the oxidation stability parameters of potential gum and 
lead precipitate.  Commonly, after fuel sold from the fixed-base operator at an airport (FBO), it is not all 
used immediately.  Routinely pilots return to the airport with some fuel left over in the aircraft’s tanks.  
It can then be a matter of weeks or months until the pilot returns to fly the aircraft.  During this elapsed 
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time, aircraft and the hangars they are stored in can experience a variety of different climates and 
temperatures. The potential gum test contained in Table 1 of D910 is aimed to address this scenario, to 
ensure viability of the avgas after it leaves the FBO.  According to the explanation afforded by the 
subcommittee in the appendix, “The potential gum test, which is an accelerated oxidation method, is 
used to estimate fuel stability in storage and the effectiveness of oxidation inhibitors. If the fuel is to be 
stored under relatively mild conditions for short periods, an oxidation period of 5 h is generally 
considered sufficient to indicate if the desired stability has been obtained, whereas a 16-h period is 
desirable to provide stability assurance for long periods and severe conditions, such as storage in 
tropical climates” (ASTM International, 2007).  In Table 1, a minimum of 5 hours of testing is required; 
however, there is a footnote that allows for a 16 hour test period.  The other oxidation parameter 
explained by the appendix is visible lead precipitate.  This test attempts to identify a maximum 
parameter for insoluble lead (lead precipitate). “The formation of a lead precipitate during the aging 
period of the potential gum test under the accelerated oxidation conditions used in this determination 
indicates a potential instability” (ASTM International, 2007).  This test is vital to the long-term storage 
capability of the avgas.  Even the tiniest amount of insoluble lead or foreign material could lead to 
plugging or fouling of fuel system filters and spark plugs causing difficulty in operation of the engine.  
The committee explains that they felt it was “necessary to place a limit on the amount of precipitate 
formed in this determination” (ASTM International, 2007).  Even though this parameter exists, not all 
tests for gum or particulates are perfect.  Recently multiple independent ASTM certified laboratories 
have found that fuel meeting ASTM D910, when stored for periods of up to three weeks after purchase 
from the FBO, had visible lead precipitate in the tested samples.  It was postulated by the experimenters 
that this was due to refiners modifying the formulation of their aviation gasoline in an attempt to 
stretch the supply of high quality petroleum blend-stocks.  The samples met the requirements of D910, 
including the lead precipitate maximum, and still had visible lead particulate in the sample after it was 
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aged for up to a month.  This lends credence to the fact that specifications are a good measure of how a 
fuel sample performs, however they are not 100% perfect.  
 Mentioned in the appendix, the water reaction volume change test and electrical conductivity 
tests are explained.  The subcommittee explains that with regard to the water reaction test, it “provides 
a means of determining the presence of materials readily extractable by water or having a tendency to 
absorb water.” The committee also mentions that “When the fuel consists essentially of hydrocarbon 
components, there is no measurable change in the volume of the water layer” (ASTM International, 
2007).  This is in the specification to make sure that there are no chemicals in the fuel that can absorb 
water.  Absorbing water can lead to ice crystals in the fuel, or can cause the water to massively fall out 
of the fuel when it is shock cooled. This leads one to believe that any future unleaded replacement for 
100LL should contain hydrocarbon components.   
Another major test mentioned is the electrical conductivity test.  This test attempts to address 
the concern between static electricity and avgas.  A pilot might notice that when the aircraft fuel tanks 
are filled by the FBO, that a static grounding line is first connected to his aircraft there by grounding the 
aircraft and the fuel truck to the ground.  This is done in an attempt to control static electricity that can 
build up due to fueling aircraft fuel tanks.  The electrical conductivity test contained in Table 1 is meant 
to mitigate problems that exist in the handling of aviation gasoline.  The appendix explains that 
“Addition of a conductivity improver may be used as an additional precaution to reduce the amount of 
static electrical charge present during fuel handling” (ASTM International, 2007). A footnote to this test 
in Table 1 indicates that this test should only be performed “when electrical conductivity additive is 
used” (ASTM International, 2007).   
A brief statement is also made, in this section, pertaining to microbial contamination.  This has 
been a concern over the recent years and the subcommittee states that, “Uncontrolled microbial 
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contamination in fuel systems may cause or contribute to a variety of problems including corrosion, 
odor, filter plugging, decreased stability, and deterioration of fuel/water separation characteristics. In 
addition to system component damage, off-specification fuel can result” (ASTM International, 2007).  
Despite this, there exists no standard test or specification for microbial contamination in ASTM D910’s 
Table 1.  The appendix references ASTM D6469 as a guide to microbial contamination; however, as 
mentioned before there is no limitation contained in D910 pertaining to aviation gasoline and microbial 
growth. 
 The last section in ASTM D910 pertains to aromatics content.  Aromatics are defined as, 
“Hydrocarbons derived from petroleum, characterized by a ring-like molecular structure and 'sweet' or 
aromatic odor. Benzene, tolune, and xylene are the most common aromatics, and are used as chemical 
feedstocks, solvents, and as additives to gasoline to raise its octane rating” (BusinessDictionary.com, 
2010).  This section is a more recent addition to D910’s appendix.  The reason this section has been 
added is that aromatics are understood “to affect elastomers to a greater extent than other components 
in aviation gasoline” (ASTM International, 2007).  Elastomers are the flexible materials usually used in 
gaskets, seals, and other flexible sealing materials.  Many people still refer to these seals as being made 
of “rubber” even though seals have not been made with real rubber for decades.  Too much aromatic 
content can swell or break down the sealing materials.  Too little aromatic material is thought by some 
engineers to prevent proper sealing. This section goes on to mention how a high amount aromatics in 
the avgas could be ruled out of inclusion in the specification by certain parameters it does mention that 
there is no maximum aromatic limit associated with ASTM D910.  However, based on experience, the 
subcommittee believes it very unlikely that total aromatic content could be above 25%.   
The specification D910 as a whole is very inclusive with explanations for each individual 
requirement contained within the specification; however, the specification is not perfect, it merely 
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serves as guidance based on years of experience.  As incidents and problems arise, D910 and other 
aviation gasoline specifications can be modified to mitigate those risks in the future. This is the reason 
all ASTM specifications come up for renewal every two years.  No matter what the future fuel for 
general aviation may be, everyone that comes in contact with that fuel will more than likely be beholden 
to an ASTM specification.  Without a governing specification that is rooted in industry-based consensus, 













Chapter # 3 
AGE85 - Aviation Grade E85 Ethanol as an Alternative to 100LL 
 
When examining common thought of alternative fuels, especially one that might be used to 
replace 100LL for general aviation, one alternative that is commonly mentioned is ethanol.  With regard 
to motor fuels, mixing ethyl alcohol with petroleum derived gasoline is not a new concept.  Some of this 
nation’s first vehicles, like the model T Ford, were designed to run on either petroleum gasoline or 
alcohol. In 1925, Henry Ford - founder of the Ford Motor Car Company, told a New York Times reporter 
that, “ethyl alcohol was the fuel of the future,” he went even one step farther to say “The fuel of the 
future is going to come from fruit like that sumac out by the road, or from apples, weeds, sawdust -- 
almost anything," he said. "There is fuel in every bit of vegetable matter that can be fermented. There's 
enough alcohol in one year's yield of an acre of potatoes to drive the machinery necessary to cultivate 
the fields for a hundred years” (Ford Predicts Fuel from Vegetation, 1925).  According to the history 
presented on the Ford Motor car company web site, Henry Ford even built a mini-ethanol production 
facility, but closed it as petroleum gasoline gained popularity.   
In fact photos, such as the one below named Figure1, and articles dating from the early 1930’s 
show gas stations advertising 
corn-derived alcohol blended 
gasoline.  Though at the time this 
seemed to be a novelty not 
intended for mainstream use due 
to the lack a sufficient 
production.   
Figure 2 - 1933 Corn-alcohol fuel pump, in Nebraska 
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With the Arab Oil Embargo in the early 1970s, America experienced a newfound interest in using 
ethanol as a motor fuel.  In the 1970s corn alcohol blended with gasoline became known as, gasohol.  
This was in an attempt to put a different marketing spin on an old product.  The use of gasohol began to 
break into small stock car and off-road racing circuits.  Racers enjoyed using this fuel as it provided a 
higher motor octane number and anti-detonation characteristics than that of the fuel they were using at 
the time.  Ethanol was shown to raise the motor octane number (MON) by as much as 2 to 4 points. 
Even though ethanol was available to racers and specialty car owners, gasohol was not yet widely 
produced.  This was due to the fact that the majority of the production of alcohol in the United States 
was meant for human consumption as alcoholic beverages, rather than an enhancer to gasoline.  
Ethanol can be produced from a variety of different manufacturing processes; however, there 
are two main methods of ethanol production, petro-chemically or fermentation.  When ethanol is used 
as an industrial feedstock or solvent, the ethylene hydration process is used for production.  “Ethylene is 
hydrated and catalytically reacted on a phosphoric acid absorbed catalyst to produce ethanol” 
(Encyclopedia of Chemical Technology, 1991).  This form of ethanol is referred to as synthetic ethanol.  
The other more popular form of ethanol production which is used is fermentation.  This method of 
ethanol production is relatively the same whether the ethanol is used for alcoholic beverages or for fuel.  
Unlike the ethylene hydration method of ethanol manufacture, fermentation is not petro-chemically 
derived.  Rather, sugars from biomass materials (such as corn) are fermented to produce ethanol.  Many 
large scale ethanol facilities currently use this technology; whereby, the yeast is used to metabolize the 
sugar during the fermentation process to produce ethanol and carbon dioxide (CO2).  The result and 
product of this fermentation is what is referred to as a beer mix.  The beer mix “will contain about 10% 
alcohol, as well as all the non-fermentable solids from the corn and the yeast cells (McIntyre, 2003). The 
quality of ethanol which is produced out of this fermentation process is not yet at the purity required to 
be added to gasoline as fuel, as it must first be distilled to increase the purity or the proof of the 
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ethanol.  The distillation process takes the roughly 10% alcohol by volume (ABV) beer mix and heats it to 
separate the ethanol from the other components of the beer mix such as water and other chemicals.   
Once the beer mix it is distilled, bio-refiners are left with a much higher purity ethanol.  The 
product exiting the distillation columns, also known as the rectifier and stripper, “is increased from 45% 
to 91% by weight” (McIntyre, 2003).  This equates to roughly a 190 proof ethanol.  Though this is much 
higher than the beer mix that went into the distillation column, it is not quite finished.  Bio-refiners have 
a manufacturing goal of a 200 proof ethanol.  To achieve the additional 10% ABV concentration of the 
ethanol, “The concentrated vapor from the rectifier is superheated and passes through one of two 
dehydrating molecular sieve beds; one is used while the other is regenerated. Vapors from the 
regenerated bed are condensed and recycled to the rectifier. The superheated vapor passing through 
the molecular sieve bed contains more than 99% by weight anhydrous ethanol” (McIntyre, 2003).   
This distillation process requires a lot of heat and energy to separate the alcohol from the other 
byproducts.  In fact, this process has given ethanol plants their signature steam plume, which is now 
associated with bio-ethanol refineries.  Some people claim that anywhere from four to six times the 
amount of energy that is gained from one gallon of ethanol goes into its production.  This is because of 
the high temperatures that these distillation columns require.  Nonetheless, domestically produced fuels 
may still the wave of the future.  First generation bio-fuels, such as ethanol, may be a step in the right 
direction; however, much more work is needed for sustainable domestically produced fuel.  
If ethanol is to be used in aviation as a replacement for 100 LL, one place to begin is by 
examining the research information that is available, since automobiles have been running on ethanol 
for over 80 years, allowing for several studies of the effects. With a quick examination of the literature 




It is widely known among those knowledgeable about aviation history that the V-12 Rolls Royce 
engines used in the Hawker Hurricanes, used in the Battle of Britain in WWII were powered by alcohol.  
Unfortunately there are few if any records kept of this since those were desperate and chaotic times in 
British history.  Basically in those days the British put anything in the aircraft that would burn.  It is only 
commonly known that alcohol fuel was used by the British during the Battle of Brittan since the fuel 
accounted for the majority of the massive burns received by British pilots when the aircraft was shot 
down.  Since the alcohol flames were nearly invisible the pilots did not realize they were on fire.  So 
without published data from this period of WWII all that remains were automotive related information.  
 Even though none of the articles found were applicable to aviation directly, the information is 
pertinent. One such article by Varde, Jones, Knutsen, Mertz, and Yu (2007) discussed the fact that 
alcohol fuels have been used for decades, but it is only recently that they have been considered for use 
in automobiles. It is discussed further that ethanol’s popularity is increasing with many public and 
legislative-minded people because it is completely biodegradable and renewable (George, Schroeder, 
and Xie, 2005). Varde et al. (2007), George et al. (2005), and Hill (2003) all are quick to point out that 
ethanol has proven consistently a reduction in overall emissions [per gallon, not per mile] as compared 
to conventional gasoline as the following quote explains, “there were consistent reductions in NOX 
levels, particularly with the E-85 blend” (Varde et al., 2007, p. 933). It is also mentioned by Varde et al. 
(2007) that, “E-85 produced somewhat lower HC *hydrocarbon+ levels than those produced by gasoline” 
(p. 941). This makes the argument for ethanol’s use in aircraft as a means to reduce pollution.  
Countering this argument; however, George et al. found that, “The potential for electrochemical 
corrosion in the piston powered general aviation fleet was examined for the various gasoline-ethanol 
blends that have been proposed in the presence of moisture (water)” (p. 8551). Water in aviation fuel 
was also examined by Hill in which it was stated that, “a range of microbes (microorganisms), in the 
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classes of bacteria, yeasts and moulds, can all flourish in wet [hydrous] aviation fuel at all distribution 
and use” (p. 497). Hill goes on to mention that with the introduction of microbes into an aircraft engine, 
serious damage, possibly stoppage of engine could occur. Although Varde et al. (2007), George et al. 
(2005), and Hill (2003) all discussed the many benefits as well as shortcomings of using ethanol; standing 
alone was Varde et al. (2007) who failed to mention any major downside to the use of this fuel relating 
to water content. Nevertheless, Varde et al. (2007) and George et al. (2005) both mention that ethanol 
is a step in the right direction; it is only George et al. (2005) that believes it is inappropriate for use in 
aviation.  
Despite however what the experts said, ethanol has been used in a rather extensive research 
project by South Dakota State University to power general aviation aircraft.  The South Dakota 
researchers called their product aviation grade ethanol 85 (AGE 85).  The project was aimed at designing 
and ethanol based fuel to replace 100LL.  This went above and beyond the typical E-95 (95% ethanol & 
5% Avgas) or E-100 blend ethanol used on highly modified piston aircraft engines.  Feats such as these 
have been accomplished by such air show acts as the Fagen Ethanol Corporation and the Vanguard 
Squadron.  AGE85 was originally designed to be compatible with existing aircraft and the existing 100LL 
fuel supply chain.  The composition of “Aviation-grade E85 refers to a reciprocating-engine aviation fuel 
that contains about 85 volume percent (vol%) ethanol and about 15 vol% “pentane isomerate” (an oil 
refinery product comprising about 35 vol% isopentane), in addition to small amounts of soy methyl ester 
lubricant and a fatty acid-based corrosion inhibitor” (Behnken, Helder, & Johnson, 1999).  It was also 
noted by the research director that the percent by volume (vol%) of ethanol contained within the end 
product had a range of 80 to 90% to meet fuel volatility requirements depending on the season of year.  
According to a gas chromatograph trace the pentane isomerate contained mostly isopentane (53%).  
Other major components in the pentane isomerate included: isohexane (23%), dimethyl butanes (11%), 
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cyclohexane (5%), & n-pentane (4%).  There were also trace amounts of: isobutene, n-butane, & n-
hexane.  
The researchers made it very clear that they were interested in shifting the paradigm from 
modifying engines and airframes to work on alcohol to designing an ethanol based fuel for general 
aviation, and then make any necessary modifications to the engine the airframes after. There were, 
however, some major issues with AGE85, which disqualified it as a drop-in replacement fuel.  The first 
major issue that AGE85 had to tackle was that ethanol by itself has an inherently low vapor pressure.  As 
we discussed earlier, vapor pressure is one of the cornerstones of aviation gasoline, the designers and 
OEMs have used a model engines after.  The low vapor pressure could cause the fuel to vaporize in the 
fuel system, before it reached the engine cylinders, and cause the flow of fuel to the engine to stop. 
The established industry standard could not be violated by any alternative to 100LL. AGE85 
researchers attempted to solve this problem by allowing their fuel to be blended with pentane 
isomerate the control the vapor pressure.  This was the same tactic used by E-85 producers to boost 
vapor pressure for combustion in an automobile engine. One added benefit of this addition to the 
mixture increases flame visibility when burned, so that way when a sample was burned in the open, the 
flame would appear much the same as 100LL does, thus making the fuel safer in the event of a fire.  
Another problem faced in the past by those that have attempted to use ethanol for an aviation fuel is 
the possible corrosion that occurs when the engine is stored (i.e. in a hangar between flights).  The 
alcohol by definition is hydroscopic, which means that it absorbs water.  This water can cause corrosion 
where the water comes in contact with parts that will corrode.  The designers of AGE85 proposed that 
biodiesel, known as B-100, be blended in small amounts in hopes that the oil in the biodiesel would 
protect the exposed surfaces of the engine.  The researchers claimed that this would add protection for 
all fuel-wetted components (Helder, 2000).   
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Since biodiesel in this country comes primarily from soybean oil, known as methyl-ester soyate, 
there exists all whole new set of problems in its use as a blending additive for aviation. A problem with 
biodiesel is that each batch is inherently different.  Factors such as agricultural field where it is grown 
and time of year harvested all can drastically change the final composition of the B-100 biodiesel.  Even 
two fields directly across the street from each other, planted with the exact same soy bean seed, can 
yield two different compositions of biodiesel.  The researchers claimed that AGE85 would contain no 
more than 1% by volume of B-100 biodiesel, but because a consistent end-product could not be 
guaranteed, using such a product, even as an additive for aviation, became impractical.   
When compared with 100LL’s Table 1 properties from a ASTM D910, AGE85 raised up some 
immediate red flags.  Though the motor octane number of 106 and no tetra-ethyl lead seemed 
appealing, the Reid vapor pressure was out of the margin provided by D910. AGE85 exhibited a vapor 
pressure of 6.5 PSI to 8.0 PS I (Helder, 2000).  This was nearly 1PSI higher than that of 100LL (5.5-7.1).  
Another parameter that seemed to be a critical area of concern was the minimum net heat of 
combustion.  Net heat of combustion was an indication of the power provided by each gallon of fuel as 
it was combusted. 100LL had an established minimum of 112,200 BTU/ gallon; whereas, AGE85 
registered as 88,200 BTU/gallon.  This was far below the minimum established by 100LL.  This would 
directly correlate in a significant loss of a range per gallon by the pilot.  If not known and accounted for 
ahead of time during pre flight planning by the pilot, he might not make it to the destination before 
running out of fuel.  Another area of concern is that AGE85 weighs anywhere from 6.3 to 6.5 pounds per 
gallon.  At first blush this might seem significant as pilots know 100LL as having a density of 6.0 pounds 
per gallon.  Since 100LL does not have a fixed a recipe, its density will fluctuate from less than 6.0 
pounds per gallon to just over 6.5 pounds per gallon; putting AGE85 right in that range.  Nonetheless 
this potential weight change must be accounted for due to the significantly reduced net heat of 
combustion of AGE85.  
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To mitigate range and energy concerns, the researchers in charge of AGE85 suggested that the 
fuel system flow capacity be increased by 20%.  They claimed that, “Typical aircraft systems allow 12:1 
air/fuel ratio at full rich *fuel setting+,” an “Increase in fuel flow capacity to allow 10:1 air/fuel ratio on 
AGE85 *should fix the problem+” (Helder, 2000).  This would require extensive modifications to the 
current fleet which uses 100LL.  Once a change was made to accommodate the 10:1 air to fuel ratio the 
aircraft would not be backwards compatible with 100LL.   
The other proposed solution by the South Dakota researchers was to operate the aircraft with 
the propeller operating at a higher blade pitch.  On aircraft with propellers of adjustable pitch, operating 
the propeller at a higher pitch allows the propeller to take a larger “bite” out of the air on each 
revolution.  This technique is similar to operating a car in a higher gear.  The vehicle can go further on 
each turn of the engine, however it takes more power to turn the propeller. The South Dakota 
researchers planned to exploit the high octane number of the AGE 85 to allow it to generate the extra 
power.  This technique worked on some aircraft, but not all aircraft had variable pitch propellers, and all 
aircraft needed to operate in low propeller pitch (low gear) for takeoff and climb. 
The retrofit of the aircraft fuel systems to accommodate higher fuel flows provided a major 
logistical hurtle which more than likely could not be overcome with our single source distribution system 
that delivers aviation gasoline throughout the United States.  Aside from the air/fuel ratio issues, 
material compatibility was a concern when using an ethanol based fuel.  The researchers began to 
explore how materials might react with AGE85.  They briefly noted that, “Metal components have 
shown no corrosion in over three years and most polymer materials used in aviation the past 15 years 
are alcohol compatible” (Helder, 2000).  With regard to the metal components researchers added that 
B-100 biodiesel afforded additional protection against corrosion or degradation.   
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Material compatibility of any alternative fuel most directly affects polymer materials that are 
located in the fuel system.  While it may be true that over the past 15 years alcohol compatible 
polymers have been used in aviation fuel systems, our current fleet flying on 100LL dates much farther 
back than 15 years with fuel system components that we’re designed 40 or 50 years ago. For these 
aircraft AGE85 might not be compatible; however, further testing would have to be accomplished in 
order determine compatibility.  In an attempt to reduce negative criticism the researchers stated the 
following, “In comparison to toluene in 100LL, ethanol and Biodiesel may prolong the life of fuel 
bladders and fuel system components” (Behnken, Helder, & Johnson, 1999).  
Several flight tests were performed on AGE 85.  The aircraft used were based at South Dakota 
State University.  They included a 1962 Cessna 180, a Mooney 201, and a radial engine AeroTractor to 
name a few.  Several tests were performed both on the ground and in the air to prove AGE85’s 
compatibility with these aircraft.  The bulk of the testing was conducted on the Cessna 182.  Tests were 
focused on engine performance specifically power output and durability.  A 500 hour test was 
performed on the engine including such tests as cool and hot climb, in flight engine restarts, and 
detonation mapping.  All of these tests indicated that the fuel performed equivalently to 100LL.  
Corrosion and lubricity tests were conducted in the laboratory where 100LL was used as a 
baseline for measurement.  The corrosion test was not performed using the ASTM standard, rather an 
SAE test method was used.  This test immersed samples of aluminum alloy into samples of both 100LL 
and AGE85.  Two representative 100LL samples were used for accuracy.  Based on the test results 
shown, the rate of weight loss (µg) of each alloy was less in AGE85 than in each of the 100LL samples 
(Behnken, Helder, & Johnson, 1999).  The problem with this test data however, was that a blend was not 
specified for the AGE85 that was used to conduct the test.  So, one does not know, how much B-100 








conducted by InterAv, Inc., San Antonio, Nov. 5, 1999
AGE-85 vs. 100LL Lubricity Test
ASTM D5001
Ball on Cylinder Lubricity Evaluator (BOCLE)
Test conditions:  1kg load and 25
o
C fluid temp.
lubricity of AGE85 was also presented via the Ball on Cylinder Lubricity Evaluation (BOCLE).  This is ASTM 
D5001 and is meant to evaluate lubricity of jet turbine fuel.   
This test involves a ball and cylinder which are agitated to gather, in a constant motion, using a 
sample of fuel between them as lubricant.  At the conclusion of the time prescribed in ASTM D5001, the 
wear-scar is measured in millimeters.  Since there exists no lubricity standard in D910 for aviation 
gasoline, D5001 is used by the industry as the unofficial lubricity standard to indicate the viscosity of a 
particular alternative fuel.  The one flaw in using this test is that due to the high a volatility of 100LL, 
sampling it by using the D5001 test can prove to be too sporadic to get an accurate reading.  In the test 
provided by the researchers of AGE85, they indicated that 100LL was 0.79mm and AGE85 was less with 
0.53mm (Behnken, Helder, & Johnson, 1999).  The data table for this test is provided in Figure 2 below.  
Providing the figures for 
100LL are accurate, this test 
indicates that AGE85 
provides appropriate 
lubrication more so than 
100LL.  
The end result of 
the AGE85 project was that in a slightly modified Cessna 180 & 182 it seemed to work without fault.  
Based on all the data that was presented to the industry the C-180 & C-182 was issued a supplemental 
type certificate (STC) to run on AGE85.  In addition to this work, dual fuel STC’s were also issued to the 
AGE85 research team.  This allowed for AGE85 and 100LL to be blended in any ratio together in these 
STC’d aircraft (Helder, 2000).  In a presentation to the ASTM subcommittee for aviation fuels in late 
2005 researchers indicated that they would like to focus their efforts on small radial engines.   
Figure 3 - ASTM D5001 Test Results 
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To date however, none of that work has been presented in public.  The production of AGE85 on 
a small or large scale is nonexistent commercially.  Only small micro batches of a drum at a time have 
ever been produced.  
The future of AGE85 as an unleaded replacement for avgas is very unclear.  As of the last 
presentation to the ASTM subcommittee, AGE85 researchers indicated they were not going to attempt 
ASTM certification of their product for commercial manufacture and sale.  In late 2006, the web site 
owned by the research group which was home to the AGE85 project, www.age85.org ,was de-
registered.  Web presence of the AGE85 project is very few and far between and hard to locate.  E-mail 
addresses return as disconnected, and the researchers have not been present at the ASTM since their 
last appearance in late 2005.  Based on all of these factors and AGE85’s small area of focus, it is unlikely 















Chapter # 4 
Hjelmco Oil – Unleaded Alternatives 
 
While exploring aviation fuels it is hard to ignore Hjelmco Oil in Sweden. Hjelmco Oil, founded by Lars 
Hjelmberg in 1981, is fully owned by the Hjelmberg family (Hjelmco Oil AB, 2011).  
According to Lars, the company was founded with a small amount of seed money given to him 
by his mother. At that time, Lars was working in the biomedical industry and flying as a private pilot. Lars 
began to wonder why the price of avgas was so expensive to buy and why the supply seemed to be very 
inconsistent. What he learned was that the fuel his fellow Swedish pilots were using came from 
refineries located in, what was at that time, the Soviet Union. The logistics became a nightmare in 
transporting this fuel from the Soviet Union to Scandinavia. With the problems identified, Lars began 
Hjelmco with the intent of moving production from the Soviet Union to Sweden in order to manufacture 
a more cost effective avgas that did not have such an extensive logistics chain from the refinery to the 
airport.  At the time he entered the market, there were only two aviation fuel distributors in Sweden, 
Total and Shell.  Hjelmco Oil became the third. The market remained the same three companies from 
then until now.  
 As the company rapidly progressed, and Hjelmco began making a name for itself in the aviation 
fuels business, Lars began working on some proprietary fuel blends, which he felt could easily work in 
current aircraft. According to the Hjelmco Oil website, in 1981, Hjelmco petroleum engineers began by 
launching what they considered the first generation of Hjelmco fuels, with their introduction of Hjelmco 
80/87.  This fuel was used in applications that did not require a high octane fuel such as 100LL. This fuel 
was somewhat covered by the ASTM D910 standard under the Grade 80 avgas standard. If the D910 
standard was taken at face value, “If mutually agreed upon between the purchaser and the supplier, 
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Grade 80 may be required to be free of tetraethyl lead. In such case, the fuel shall not contain any dye 
and the color as determined in accordance with ASTM Method D 156,” (ASTM International, 2007) 
Hjelmco’s 80/87 was in compliance with ASTM D910.   
Because the ASTM is primarily a U.S. standard there is no legal requirement that non-U.S. 
companies and countries follow the ASTM specifications.  As long as the aircraft and engine 
manufacturers are comfortable with the fuel, and agree that it is equivalent to a D910 specification, that 
fuel can be used in aircraft around the world and will be supported by the aircraft and engine 
manufacturers.  It does, however, improve the compatibility of aircraft, engines, and fuels, if a non-U.S. 
fuel producer follows the D-910 as closely as possible, and so the ASTM D-910 specification tends to be 
the target model for gasoline development worldwide.  Because of this need for international 
compatibility Lars Hjelmberg, representing Hjelmco Oil, participated as a member of the ASTM 
committees for aviation gasoline beginning in the 1980’s.    
There were however concerns among the ASTM committee members with the Hjelmco fuel 
fitting into the Grade 80 standard under D910, because the fuel contained components that were not 
originally included in the original Grade 80 fuel as it was originally certified under D910. Controversy 
aside, the fuel was used in Sweden under the aegis of D910 compliance between 1981 and 1991. The 
fuel was distributed to more than 50 airports nationwide in Sweden, and used by more than 400 
aircraft, including the Royal Swedish Air Force, during that time period (Hjelmberg, 2004). During the 
time that 80/87 was distributed by Hjelmco, it was observed and reported by the company that no 
problems with the engine valves were observed. (Remember that engine valves were long considered to 
need lead for lubrication and cooling.) The company engineers even went on to claim that the time 
between overhaul (TBO) was improved by using this unleaded fuel (Hjelmberg, 2004).  
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The company also reported that if there was a disadvantage to this fuel being used, it was due 
to the fact that pilots tended to run their engines too rich. Hjelmco also acknowledged that some 
engines did need lead during the engine’s initial break-in period. The company engineers proposed that 
the solution to this problem would be to use regular 100LL avgas during the break-in period. This did 
indeed solve the immediate engine break in problem; however, this would not have been feasible in a 
totally unleaded avgas environment where there would be no leaded fuel at all. A replacement fuel for 
100LL would have to replace all of the needs that 100LL had. Having a secondary fuel for engine break-in 
only, was impractical since the pilot would need to have had break-in fuels available at all potential 
airports to where the aircraft would be flying during the 25 to 50 hours of engine operation following 
engine overhaul. 
 Since the Hjelmco fuels are proprietary, little is known of the exact compositions; however, the 
details that are known is that the fuels potentially contained Ethyl tert-butyl ether (ETBE). ETBE is an 
oxygenate blended into fuels such as gasoline. The term “oxygenate” refers to the fact that the ETBE 
carries extra oxygen in the chemical, so when an oxygenate such as liquid ETBE is mixed with fuel the 
ETBE brings more oxygen to combine with the hydrocarbons in the gasoline.  The result is typically a 
cleaner burning fuel.  Many people familiar with high performance cars have heard of nitrous-oxide.  
Nitrous oxide is a gas, rather than a liquid, and is also an oxygenate, however its purpose is to add more 
oxygen to the combustion process in the engine cylinders to greatly increase engine power.   
ETBE is commonly used in Europe as an oxygenate additive in gasoline blends to improve air 
quality; however, ETBE is very unpopular in the United States. The reason that ETBE has not caught on in 
the United States is that it is purported to seep into ground water.  In places such as California where 
ETBE was tested as a method of reducing vehicle air pollution, evidence was cited of ETBE appearing in 
the ground water.  And unfortunately ETBE is difficult, if not impossible, to filter out of the water. While 
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the same can be said for many of the components used in gasoline refining, ETBE has not been widely 
used in the United States refining industry in the past, giving it even more of a negative reputation 
among industry members.  Why ETBE is acceptable in Europe and not in California is a mystery to many 
in the fuels industry. 
 During the time that Hjelmco 80/87 was produced and sold as Avgas 80 in Sweden, it was 
manufactured in Czechoslovakia from 1981-1985, until that facility was shut down. When that occurred, 
the production moved to Germany from 1985-1992 (Hjelmberg, 2004). When the production moved to 
Germany, the refiner’s knowledge base was far larger than that of the Czechoslovakian counterparts 
(Lars Hjelmberg, 15). At that time, Lars began exploring the possibilities of reformulating the 80/87 and 
trying to devise a higher octane fuel for the Sweden avgas market.  
 In the spring of 1991, Hjelmco introduced Hjelmco 91/96 (Hjelmberg, 2004). The 91/96 fuel had 
a motor octane number (MON) of greater than 93, and a research octane number (RON) of greater than 
98. This fuel, however, did not comply with ASTM D910 Table 1, as did the grade 80, because there was 
no additional note in the higher octane specification authorizing the removal of TEL from the final fuel, 
as was noted in the 80/87 specification. Basically to meet the D910 spec for any fuel other than grade 
80/87, the fuel was required to have TEL.  If there was not TEL, the fuel was not compliant with the 
specification, regardless of whether the fuel performed properly or not.  
Despite the fuel not meeting D910 due to the issue of TEL inclusion being required under D910, 
Hjelmco released the product for distribution in Sweden in 1993 (Hjelmberg, 2004). Since the fuel did 
not meet the ASTM D910 standard, to which all aviation fuels were certified, distribution was much 
more complicated. Hjelmco products were still largely unavailable outside of Sweden, as they were not 
governed by a specification.  
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There were several attempts to remove the requirement for the inclusion of TEL from the D910 
fuel grades. Hjelmco’s ASTM delegates were largely unsuccessful in this endeavor as the Subcommittee 
that governs D910 was very protective of altering a time-proven specification. For many years, animosity 
existed between these two groups stemming from the several heated battles that took place over this 
issue.  The problem was that this area was where science, politics, decades of individual personal 
experience fuels experts, and no small amount of individual personally all crossed paths at the same 
place.  Had the Hjelmco fuel been introduced into the ASTM process two decades later, it might have 
received a warmer reception. But at the time it was introduced, the expertise in fuel was based on a firm 
understanding of hydrocarbon fuels and TEL performance, and so the ASTM committees were hesitant 
to launch into unknown directions with untried chemicals.  In the defense of the ASTM committee 
members, it should be said that their very conservative attitude on this issue, was founded in no small 
part to the need to have a universal drop in fuel and a fuel that they knew was guaranteed to be as safe 
as the 100LL it was replacing.  
Despite the ASTM’s resistance to change D910 to eliminate the call out for TEL, Hjelmco used its 
corporate-owned Piper Arrow aircraft to prove that the fuel worked in all regimes of flight. In 1995, 
Lycoming Engines helped accelerate the acceptance of Hjelmco 91/96 by examining Hjelmco Oil’s data 
on Lycoming engines for inclusion on Lycomings list of approved fuels.  In 1995, Lycoming Service 
Instruction 1070L was released to supersede the previous versions, service instruction 1070L included 
unleaded 91/96 on their list of approved fuels.  The service instruction states that 91/96UL is approved 
for use in certain Lycoming Engines and is the “trade name for colorless unleaded fuel produced by 
Hjelmco Oil, Inc. of Sollentuna, Sweden and stated by the company to conform to ASTM D910 
specifications except for the lead content and colorant. Specification of Hjelmco AVCAS 91/96UL (or any 
other brand/trade name) does not constitute a commercial endorsement by Lycoming” (Lycoming 
Engines, 2010).  Since Piper Aircraft Company references the engine manufacturers service instruction 
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for list of approved fuels, this addition by Lycoming allowed Hjelmco 91/96 to immediately be certified 
for use in their aircraft that used Lycoming engines.  Hjelmco began selling 91/96 all throughout Sweden 
and over 60 airports and used by over 700 aircraft (Hjelmberg, 2004).  According to the company’s web 
site, the Hjelmco 91/96 was originally produced in Finland from 1991 until 1998, after which the 
production was moved to Sweden.  
 Since the fuel was produced and used it primarily in Sweden, neither the FAA nor the ASTM had 
jurisdiction over its use or certification.  The certification aspect of the fuel was accomplished via the 
OEM authorizing the use of the fuel on their equipment; whereas, the regulation fell to the Swedish Civil 
Aviation Authority (CAA).  The CAA commented on the operational use of Hjelmco 91/96 at an 
alternative aviation gasoline seminar in Brussels back in 2004, which was sponsored by the FAA.  The 
CAA focused on the effects of changing from a low-lead fuel to an unleaded avgas.  They concluded that 
the biggest area of concern was exhaust valves if “transition was not performed in a controlled way” 
(Swedish Civil Aviation Authority, 2004).  By “transition..in a controlled way” the CAA meant that older 
aircraft engines which needed lead for valve cooling and valve lubrication would have to receive modern 
engine valves prior to the aircraft being able to use the unleaded fuel.  The CAA also noted that the 
performance of an aircraft engine degraded in a controlled way, slowly over time, if a failure was going 
to happen which was to be attributed to the use of unleaded aviation fuel.  They were also quick to 
point out that to date, “no improbable condition has been recorded thus far” (Swedish Civil Aviation 
Authority, 2004).   
Some other areas of interest that were addressed by the CAA during their presentation included 
things such as previously dormant failures becoming visible after switching to an unleaded Hjelmco 
91/96.  What they were referring to was a failure of a part or engine system that might occur after 
switch to 91/96.  An example that was used was that a pilot would not be able to set the fuel mixture 
80 
 
properly.  In this example, a pilot previously running on 100LL with a single piece main venturi on the 
engine would experience a dangerously weak fuel mixture when using Hjelmco 91/96.  Previously, if the 
pilot had been using a 100 octane fuel, there might have been enough additional motor octane number 
points in the fuel to overcome as situation where the pilot set the mixture too lean, with the pilot none 
the wiser.  When using an unleaded Hjelmco 91/96, this lean mixture problem might actually become 
worse and the pilot would notice a problem with engine performance during operation of the engine.  
 Other potential problems to switching over to Hjelmco 91/96UL consisted of things such as a 
lower fuel level in the carburetor, and a deficiency in heat transfer between valve guide and cylinder 
head, primarily due to the absence of TEL.  The CAA also commented that another possible lurking 
failure was the fact that “engine manufactures do not want to recommend designated oils or additives 
for use together with UL avgas” (Swedish Civil Aviation Authority, 2004).  However, Hjelmco Oil was 
quick to point out that this was already been done by Lycoming Engines as its own 91/96 is approved, 
but was the only UL fuel to be approved.  One final factor that the CAA called attention to regarding the 
use of unleaded fuels such as Hjelmco 91/96 was that fuel systems may give incorrect fuel level 
readings, which can be attributed to the slightly lower density of Hjelmco 91/96.   
 To refute these points and prove that Hjelmco 91/96 was a viable alternative to 100LL, in 1999 
the company published that Hjelmco 91/96 has been successfully used for more than eight years, and 
has incurred less than 10 technical events, and 7 engine events in 384,000 flight hours.  This provided an 
overall reliability of 1.82 X     (Hjelmberg, 2004).  Hjelmco Oil claimed that 91/96 has created “fewer 
problems than 100LL did when it was introduced in the 1970s” (Hjelmberg, 2004).   
Today Hjelmco recommends the use of this fuel if the minimum certified fuel grade, from the 
engine manufacturer, is 91/96 or lower.  The company also recommends the use of their fuel only if the 
engine as installed has: proper cooling, engine oil recommended for operation with UL fuel, & and oil 
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additive is used.  If all of these parameters are met Hjelmco guarantees safe operation on 91/96 
(Hjelmco Oil AB, 2011).  Aside from Hjelmco’s other suggestions, in general they recommend that “all 
aircraft engines up to 180 horsepower and between 230-260 horsepower, are suitable for Hjelmco 
91/96 UL fuel” (Hjelmberg, 2004).  
 As far as a total replacement for 100LL, Hjelmco 91/96 has had few trials to test its merits.  
However, in March 2002 the company used a new-style ignition system (PRISM) made by General 
Aviation Modifications Incorporated (GAMI) with their Hjelmco Avgas 91/96.  A Piper Chieftain with 
turbocharged Lycoming 540 engines ran on Hjelmco 91/96.  It was reported that at rated horsepower 
(350), with all the CHT’s at red line (500° F), the engines were “free of harmful detonation or pre-
ignition” (Hjelmberg, 2004).  Hjelmco claimed that this was a major milestone in the replacement for 
100LL; essentially claiming that Hjelmco 91/96 could indeed replace all of the need for 100LL.  While this 
may be true, Hjelmco 91/96 would not be a direct replacement for 100LL as all of the engines that 
required a 100 octane fuel would have to be retrofitted with an entirely new ignition system.  This 
would not only be costly to pilots and aircraft owners but also to engine and airframe manufacturers 
that would have to recertify their existing equipment.  This would not only be cost prohibitive, but 
logistically nearly impossible, thus the manufactures have been unwilling to make this change.  
 Recently the EASA, the European counterpart of the FAA, released Safety Information Bulletin 
(SIB) 2010-31 regarding the use of Hjelmco 91/96UL in aircraft.  This SIB states that “Hjelmco 91/96UL 
*…+ meets the requirements of ASTM D910 for grade 91/96 (except colour) *…+ and may be used, if 
approved for the particular engine types.  No additional approval is required for the aeroplane, provided 
the aeroplane is already approved for operation with avgas (according to ASTM D910)” (EASA, 2010).  
This essentially it allows for the use of Hjelmco 91/96 UL in all airplanes that are approved for a sub-100 
octane fuel when flying in Europe.  The FAA has not yet taken such a stance.  For the time being this 
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further legitimizes the flights being conducted on low-compression engines running Hjelmco 91/96UL in 
Europe.  Though this fuel does not address the issue of replacing 100LL altogether.  Hjelmco has paved 
the way for unleaded fuels to replace a leaded fuel industry.  Due to the lack of +100 MON UL fuels 
provided by Hjelmco, an all out replacement of 100LL is impossible.  Nonetheless, Hjelmco serves to 
demonstrate that an unleaded alternative to 100LL may well come from a small businesses, rather than 
from a traditional large oil companies. 
In recent years persons from Hjelmco Oil have been active players in the ASTM process, though 
with no intentions of certifying their own fuel through ASTM.  Hjelmco does not indicate that it intends 
to make a + 100 MON unleaded aviation gasoline.  However as the activity at ASTM has progress to find 
ways to develop fuels beyond the D-910 specifications, to include new unleaded fuels, bio-based fuels, 
and synthetic fuels, Lars Hjelmberg has been a valuable resource to the ASTM committees developing 
these new specifications.  
Hjelmco today has established a distribution network at over 60 airports throughout Sweden, 
and delivers 100LL avgas, Hjelmco 91/96UL, and Jet A-1 to these locations.  Hjelmco also distributes its 
91/96UL to one Airport in Japan (Hjelmco Oil AB, 2011).  This is the only current distribution network 








Chapter # 5 
Automobile Fuel for Airplanes 
 
Nearly all in the fuels industry recognize that the era of leaded aviation gasoline is coming to an 
end. Some in aviation have turned to what they believe is the simplest answer: automobile gasoline.  
Those who have been pilots for quite some time may not even realize this option exists.  However, 
research surrounding the use of automobile gasoline, known as mogas in the aviation industry, started 
almost a decade before the introduction of 100LL to the aviation market.  With the daily use of mogas of 
380,000,000 gallons/day in the United States for automotive purposes, which is more than the total 
amount of 100LL used in one year, mogas at first blush might seem like a reasonable alternative or 
replacement for 100LL.  In this chapter we examine the history of the work that has gone into mogas for 
use in aviation, technical hurdles that prevent mogas from being used as a replacement for 100 LL, the 
certification and specification for use by both FAA and the ASTM, where mogas as an aviation gasoline 
stands today, and its potential to replace 100LL. 
Nearly a decade before 100LL was introduced to the market, the Experimental Aircraft 
Association (EAA) “began testing and evaluating alternate fuels for aircraft piston engines in 1964. These 
included not only automobile gasoline, but also ethanol” (EAA, 2010). This effort received much more 
attention during the “Arab Oil Embargo of 1973”, in an attempt to streamline the avgas supply chain 
into the automobile fuel supply chain, as to not isolate aviation fuel as a further boutique fuel.  
This has always been, and remains the main goal, of those who have attempted to use mogas 
for aviation. The crux of the argument lies within this point alone. It is not based on an improved or 
equal performance as compared to 100LL.  
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The EAA has principally led the charge from the beginning in moving to allow mogas for use in 
aviation. The testing began in the early 1970’s, the EAA commissioned an Experimental Cessna 150 that 
had multiple monitoring instruments onboard for collecting in-flight data on experimental fuels such as 
mogas. The Cessna 150H, registration number N23107, was tasked and partially funded by Amoco Oil to 
research mogas on the Continental O-200 engine (EAA Museum, 2009). EAA began conducting flights to 
gather data to prove that mogas could be used in general aviation aircraft. While “the Cessna 150 is the 
fourth most produced civilian plane ever, with 23,839 aircraft produced” (Thompson, 1991); the testing 
may have been slightly academic since this aircraft and engine only required an 80 octane fuel to begin 
with. The O-200 was originally certified from Continental on Grade 80/87 (red) leaded aviation gasoline. 
Continental also pointed out that 100LL should only be used as an alternate fuel for the O-200 engine 
when Grade 80/87 was not available (Continental Aircraft Engines, 1977).  While the underlying 
intentions were of the testing of the Cessna 150 were good, the results gathered under this testing 
program were positive, the results were only valid to prove that mogas was a sufficient replacement for 
Grade 80 leaded avgas, not 100LL.  
Note that when referring to the most current copy of ASTM D910, 80/87 is referred to as Grade 
80 avgas in Table 1. It specifies that the MON of this fuel should be a minimum of 80 MON (ASTM 
International, 2007).  
During the early 1980s’ EAA worked to share flight data from the Cessna 150 flights with the FAA 
to prove that mogas was an acceptable fuel in certain type of aviation engines. In 1982, “EAA received 
approval from the FAA to provide an STC (supplemental type certificate) that allowed certain types of 
aircraft engines to use auto fuel instead of more costly avgas” (EAA, 2010). As a show of support for the 
program, the first pilot to legally fly in an aircraft with automobile gasoline as the primary fuel powering 
the aircraft was, then FAA Administrator, Lynn Helms (EAA, 2009). Following initial certification of the 
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STC in 1982, Grade 80 avgas (red) became scarcer as the industry began to move to a single fuel supply 
of 100LL. With Grade 80 avgas disappearing rapidly at airports, several questions and concerns arose 
from the FAA on the acceptability of using mogas as a replacement for 100LL, since it was meant to only 
replace Grade 80 avgas.  
In response to several public comments made by the FAA, the EAA wrote the FAA for 
clarification on the use of mogas under the STC. The Small Airplane Directorate of the FAA clarified their 
statements in a letter to the EAA in 1998 by saying, “Autogas use has been extensively compared, 
tested, and analyzed. Autogas has been shown to be an acceptable alternative to avgas for the airplanes 
and engines approved for such use.” They went on to say that, “Airplanes and engines approved for 
autogas use have met the FAA certification requirements for engine detonation, engine cooling, fuel 
flow, hot fuel testing, fuel system compatibility, vapor lock, and performance” (FAA - Small Airplane 
Directorate, 1998).  
Under the STC, as issued, the fuel must comply with ASTM D4814 the Standard Specification for 
Automotive Spark-Ignition Engine Fuel.  Though ASTM D4814 is a lengthily specification designed for 
automotive fuel, there are very few parameters that all fuel batches produced in the United States must 
uniformly meet. This means that fuel constancy throughout the United States is, for all practical 
purposes, nonexistent. For automotive engines these variations in gasoline have been partially 
compensated for by advance electronic controls, and advanced engine designs.  In some cases 
automotive engines do not run well at all on certain batches of fuel produced under this specification.  
In short, automotive fuel produced under this specification has great variations and in fact does not 
always perform well, or even acceptably.  This variation in production standards is because ASTM D4814 
was published with the idea that the specification served to establish “requirements of automotive fuels 
for ground vehicles equipped with spark-ignition engines” (ASTM International, 2009). The original 
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subcommittee assumed that the specification was just limited to ground based vehicles. All of the safety 
and reliability checks that exist in aviation gasoline to ensure its safety through all regimes of flight are 
nonexistent in the D4814. Basically if automotive gasoline does not perform well, the user burns more 
fuel per mile, can haul a little less payload, may have to accelerate slower, or may have to occasionally 
pull over and get better fuel, but if aviation fuel is not good, these variations can be catastrophic.  
However, that does not mean that originally, mogas was unsafe for aviation use. The STC was 
meant to show that the use of the mogas fuel would not yield an unsafe condition of flight. By a close 
examination of D4814, one notices that the specification is very different from the D910 in that the 
specification looks more like a smorgasbord of options and climates and locations within the US; 
whereas, D910 is constant worldwide.  That is to say that automotive gasoline is made differently in 
different parts of the United States, based on the geographic differences around the country, whereas 
aviation gasoline is designed to be the same no matter where it is produced and used in the world. 
ASTM D4814 denotes “various characteristics of automotive fuels for use over a wide range of operating 
conditions. It provides for a variation of the volatility and water tolerance of automotive fuel in 
accordance with seasonal climatic changes at the locality *in the US+ where the fuel is used” (ASTM 
International, 2009). The specification is mainly comprised of various explanations and background 
information of why limits were set the way they were. ASTM D4814 has twelve small tables which layout 
the requirements the fuel must comply with. Table 1 discusses the vapor pressure and distillation 
information and correlates each set of fuel choices labeled AA – E with a certain set of parameters.  
Table 2 of D4814 details the only stable part of the specification that remains constant despite 
the location or time of year. Included in this table are the lead content, corrosion levels, sulfur, and 
oxidation levels. While these parameters remain fixed, they do not fix the important parts of fuel that on 
which pilots rely, such as MON, RVP, or distillation curve. While the parameters listed in Table 2 are 
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similar to what we find in D910, the spec ignores the overlying problems that surround the parameters 
in D910 aviation gasoline, and are not enough on which to base an aviation approval. In Table 3, vapor 
lock protection temperatures are specified for one of six classes of fuel blends, labeled 1-6. The classes 
of fuel specified in Table 3 are combined with the classifications given in Table 1 and are referenced in 
Table 4. While this may seem confusing at first, it is quite simple, when viewed graphically in Table 4 
below.  
Table 4, which is the heart of the ASTM D4181, is shown below in Figure 1. The table has listed 
on it all of the states within the United States along its left side. Some states are just listed once; 
whereas, others like California are subdivided into several sectors due to geographic variations and 
demographic variations. Along the top side of Table 4, each month is listed. This means that each state 
in the United States have a different fuel specified for each individual month. While it is true that some 
combinations are repeated throughout the year and location, a singular product cannot be guaranteed 
throughout the country.  Essentially, this means that there exist 36 different combinations of mogas for 
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 Despite the wild variations and multiple combinations, EAA was able to prove to the FAA that 
this was not an operational or safety issue. Data that the EAA generated from their Cessna 150 flights 
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proved that various mogas blends were sufficient to provide adequate safety and reliability for 
operation in their engine. This was not a surprising conclusion.  Remember that many early low 
performance engines in aviation ran on automotive gas, and poor automotive gas at that.  In addition 
the aircraft advocated by the EAA for being eligible for using mogas were low compression engines, 
operated at moderate temperatures, and low altitude.   
During the 1980’s and 1990’s this was indeed the case and mogas for low-octane engines could 
be found at multiple airports throughout the United States. The airports that carried this fuel put in 
separate tanks that were outside of the auspices of the established aviation fuel distributors.  One such 
airport that offered mogas in a separate, on-airport, tank was Delphi Municipal Airport in Delphi, Indiana 
(1I9). In fact, Delphi Airport management wanted to be one of the early adopters of the new fuel and 
put in a tank in early 1985. Delphi Municipal Airport was the third airport in the United States to offer 
mogas for use in aircraft (Stirm, 2010). Placing a tank at the airport allowed pilots to fill their aircraft as 
they normally would with 100LL. Without an on-airport tank, pilots would be relegated to using portable 
fuel cans to transport fuel to and from the local gas stations. This introduced a whole new set of 
problems that would not have otherwise existed. The main concern is that pilots would be using fuel 
cans that were dirty and further introduced contamination into their aircraft’s fuel system. A second 
major concern of off-airport fueling was in the quantities required to fill a general aviation airplane. In 
the case of the Cessna 150, for example, a pilot would need to transport 30 gallons of fuel from the 
automotive gas station to the airport. Assuming the pilot used 5 gallon cans to transport the fuel, the 
pilot would need to cart 6 cans from the gas station to the airport. While this may not be a lot, it is 
probably the least overall quantity transported, as the Cessna 150 was one of the smallest of those 
STC’d for mogas. The quantity doubles when a slightly larger Piper Cherokee is examined. The on airport 
tank at the Delphi Municipal and other airports with mogas fuel tanks saved pilots from having to self-
transport and ensured that the fuel, usually delivered from the local agricultural farm co-op, was of 
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constant high quality. Over the years this model of supplying mogas at small airports has caught on. In 
fact by 2011 there were more than 100 airports in the continental US offering mogas at the airport 
(Chouby).  
To facilitate the use of mogas, aircraft had to be approved on an individual basis to be able to 
use the fuel.  This approval involved a design change process known as the Supplemental Type 
Certificate (STC) process.  This process was a regulatory method controlled by the FAA to allow US based 
aircraft to have their original manufacturers’ designs altered to accommodate some design change.  In 
this case the design change was to accommodate the use of mogas in an aircraft certified for aviation 
gasoline.  For some aircraft models the design approval called for little more than the addition of a line 
in the pilot handbook allowing and a label on the fuel filler cap calling out the approval of the mogas.  
For other models of aircraft the requirements to satisfy the FAA of safe flight on mogas required more 
extensive changes. In general, however, the FAA would only approve these changes for an STC for 
aircraft known to be able to run acceptably on mogas.  Throughout the years since the mogas projects 
started for aircraft, groups like EAA and Petersen Aviation, Inc. began securing various STC’s for multiple 
aircraft/engine combinations and reselling them to aircraft owners.  Over the years many aircraft were 
modified to mogas, and the aircraft performed acceptably.  So for one class of aircraft there did seem to 
be an unleaded fuel solution. 
The only problem with this system was that since the STC, allowing the use of mogas, was issued 
in 1982, the fuel had to conform to D4814 as it was written at the time the fuel was certified by the FAA. 
ASTM bylaws regulate that specifications must be balloted on and renewed once every five years. While 
this holds true for all specifications, this has not affected aviation negatively since the specification for 
100LL has essentially remain unchanged since 1972. With autofuel however, this is not the case. In the 
past two decades, the nation has began to adopt the blending of ethanol with motor fuels for several 
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different reasons, including: reducing our dependence on foreign oil, increasing our ability to use 
domestic bio-fuels, the use of ethanol as an oxygenate for cleaner tailpipe emissions, an increase 
parameters such as motor octane without having to add high-grade petroleum derived alkylates into the 
autofuel blend-stock.  These petroleum derived alkylates were what replaced the lead in automotive 
gasoline.  Alkylates were a type of hydrocarbon molecule that come from what was known as an alkyl 
group.  Without getting too in depth into chemistry, suffice it to say that these were a particular 
combination of carbon and hydrogen atoms arranged in a particular way.  Because of their particular 
groupings, they tended to prevent gasoline from spontaneously combusting, or detonating, in an engine 
cylinder.  For decades petroleum chemists worked to try to make alkylates work in aircraft applications, 
but without success.  Of the many organic chemicals evaluated each of them suffered from one or 
another serious flaws, whether they were corrosive, toxic, had low vapor pressure, high vapor pressure, 
etc.  Unfortunately, alkylates were not a suitable replacement for TEL in many types of engines, 
including aircraft engines, however, for automotive use where cylinder diameters were relatively small, 
chamber pressures were relatively low, and spark ignition timing was actively varied, the alkylates 
performed reasonably well.   
A common misconception is that individual States and even the Federal Government have 
required current motorfuel to have ethanol be blended into it. In the past, “The Clean Air Act of 1990 
mandated reformulated gasoline (RFG) contain additives such as MTBE or ethanol to meet EPA fuel 
oxygenate standards; [however] The Energy Policy Act of 2005 eliminated the mandatory oxygenate 
requirement from RFG” (EAA, 2008).  But while the use of oxygenate additive is no longer a requirement 
in 2011, ethanol is still blended into the fuel for many of the other reasons listed above.  While States 
may not “require” producers to use ethanol, in some corn growing states it is strongly encouraged.  As 
the price of crude oil continues to rise past $100 per barrel, producers continue to look for an anti-
detonation compound that is not derived from expensive crude oil.  For automotive use, ethanol has 
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proven to be a good substitute.  While ethanol has less heat than the alkyates that it replaces, and the 
fuel does not perform as well, modern automotive engines have a complex array of sensors, active 
engine controls, and other computerized engine management systems, which allow the engines to run 
on very poor fuel.  In fact, the typical automotive users might only notice the fact that the car is burning 
a little more fuel than usual when ethanol is substituted for alkylates.   Unless the automotive user is 
demanding full power from the engine routinely and continuously, they might not really notice the 
difference.  
The problem now becomes, with using mogas, is that the way the STC was originally issued, it 
did not allow for any amount of ethanol to be in the final fuel used for flight. This has become a big 
problem as most all motor fuel in the United States today contain anywhere from 7-15% ethanol 
blended in with most grades of automobile fuel. While signs on the gas pumps at the filling stations may 
say that the autogas contains no more than 10% ethanol, it is not unusual to find samples taken from 
automobiles with substantially more than 10% ethanol in the fuel.  
In the past few years nothing has caused more of a problem or confusion with STC holders and 
issuers alike. During the initial stages of ethanol being blended into mogas, some STC holders chose to 
ignore the undercurrent that was beginning to stir surrounding the use of ethanol, in fear that it would 
invalidate their STC. Multiple differing opinions were alive and well and leaving pilots confused.  In order 
to clarify their position, in October of 2006, the FAA issued a document attempting to explain the use of 
ethanol blended motorfuel in aircraft with mogas STC’s. In a Special Airworthiness Information Bulletin 
(SIAB) the FAA called attention to an “airworthiness concern where you could have alcohol (ethanol or 
methanol) present in the automobile gasoline on any General Aviation airplane” (FAA, 2006). The SIAB 
stated that, “Automobile gasoline containing alcohol is not allowed to be used in aircraft” (FAA, 2006). 
There were a couple of reasons listed on why autofuel containing ethanol was prohibited for use in 
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aircraft. First and foremost the FAA called to attention that the overall volatility of the fuel was altered 
when ethanol was added to it. This could lead to vapor lock issues when trying to start an aircraft 
engine. Aviation gasoline had a very tight range for volatility (i.e. vapor pressure) if the vapor pressure 
were outside of the standard band of 5.5psi to 7.1psi (ASTM International, 2007), the fuel might not be 
volatile enough to start an engine in extremely cold or extremely hot conditions. Another point 
addressed by the SIAB was when using autofuel that may have ethanol blended was the corrosive 
nature of ethanol. The FAA explains that aircraft fuel system components were not made to withstand 
the corrosive nature of the added ethanol.  Also, since some aircraft had been flying for over 40 or 50 
years, the natural rubber components that were designed for robust, ethanol free, hydrocarbon-based 
fuels were unable to withstand the abrasive action the ethanol imparts on them. These problems lead to 
reduced fuel system performance and eventually failure.  
Another issue that reported by the FAA was the tendency for phase separation in ethanol 
blended mogas. This issue was not as prevalent when mogas was used for automobiles; however, when 
used in aircraft, fuel was affected by rapid (more than automobiles) changes in altitude. When the 
aircraft climbed, the fuel was rapidly cooled as the temperature aloft fell. This rapid change in 
temperature triggered what was known as phase separation, which was where the oxygenated ethanol 
separated from the hydrocarbon based gasoline. The issue was that, “when the alcohol separates from 
the gasoline, it may carry water that has been held in solution and that cannot be handled by the 
sediment bowl” (FAA, 2006). When this phase separation occurred, it could lead to the water freezing in 
the fuel lines, causing fuel starvation, or a slug of water could pass into the engine at just a point in time 
when engine power was needed, causing the engine to stop running.  Or if the alcohol separated from 
the water, the gasoline would no longer have had any anti-knock, or anti-detonation, protection.  This 
would then have lead to severe engine knocking, resulting in the potential for a catastrophic engine 
failure in flight.  
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Quite possibly one of the largest effects of ethanol blended mogas was that when ethanol was 
used, it decreased the overall energy content in each gallon of the fuel. The SIAB pointed out that 
“Methanol has approximately 55 percent of the energy content of gasoline, and ethanol has 
approximately 73 percent of the energy content of automobile gasoline.” The FAA went on to state that 
the “greater the amount of alcohol in the automobile gasoline, the greater the reduction in the aircraft’s 
range” (FAA, 2006).   For an automobile a decrease in range was generally, only an annoyance of more 
frequent stops at gas stations.   For an aircraft a decrease in range could have been the difference 
between making it to the destination and crashing somewhere away from an airport.  The biggest 
problem was that pilots could not compensate for this shortened range, because they never would have 
any idea what type of fuel they had on board.  Again, unlike automobiles where people routinely filled 
up the gas tank at a fuel stop, it was routinely necessary for aircraft to carry only the required amount of 
fuel for the distance needed, plus a safety reserve.   Often aircraft could not carry full tanks of fuel due 
to the inability to carry the extra weight of the fuel, when fully loaded with cargo and passengers.   
On top of all of this, the lower heat content of the alcohol fuel could have resulted in lower 
engine power, which could have resulted in an inability of the aircraft to climb as the performance 
charts for the aircraft indicated.  If the aircraft were not able to climb properly, the aircraft might not 
have been able to clear obstacles at the end of the runway, or climb over mountains or adverse 
weather.  All of these issues were individually extremely hazardous to safe aircraft operation and likely 
fatal for flight crews and passengers.  
There were few remedies mentioned by the various agencies involved in mogas STC’s, such as 
FAA and EAA. The EAA took a stance of urging pilots to protest potential legislation that would have 
required mandatory amounts of ethanol to be blended with mogas. The FAA provided recommendation 
to pilots in the SAIB previously mentioned. The FAA, like the EAA, first and foremost urged pilots only to 
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use mogas that was compliant with the ASTM specification that the STC was issued under. This was 
becoming nearly impossible as most local gas stations did not offer an ethanol free motorfuel. In most 
cases, ethanol free fuels were nearly impossible to identify as they were rarely labeled as “ethanol-
free.” The FAA provided some direction to those pilots that were unsure if fuel contained ethanol or not. 
They recommended that pilots use a container marked with ten equally-spaced demarcations; then, 
“add one part water into the container and then add nine parts of automobile gasoline. Shake 
thoroughly, let stand for 10 minutes or until automobile gasoline was again bright and clear. Record the 
apparent level of the line between the automobile gasoline and water” (FAA, 2006).  In theory, adding 
the water to the alcohol laced gasoline, would cause the alcohol to leave the gasoline and combine with 
the water.  After the ten minute wait, the amount of “water” appearing in the graduated tube should 
appear to be more than was originally put in the tube. EAA sold a similar device for this exact purpose; it 
was called an auto fuel Alcohol Test Kit, and it allowed pilots to quickly perform the test mentioned in 
the FAA’s SIAB. (EAA, 2009). If the pilot did find that the fuel in question contained ethanol due to the 
rudimentary field test, the FAA advised that this fuel was “not allowed to be used in aircraft” (FAA, 
2006).  
As of 2011, there were less than 2500 gas stations in the continental US offering ethanol free 
gasoline (Pure-gas.org, 2011), out of a total number of 118,756 gas stations (US Census Bearu, 2007). 
This meant for pilots with mogas STC’s, only 2% of gas stations offer a legal fuel to power their airplane. 
Of those that already paid to convert their airplane, and who could not find ethanol free gasoline, the 
only remaining legal option was to go back to using 100LL.   
For those pilots who chose to continue to fly on alcohol containing mogas, there remains risk 
beyond those of safety of flight.  Every insurance company, requires that an insured aircraft be 
airworthy and in compliance with Federal regulations if the aircraft is to be insured.  If the aircraft is not 
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flown in compliance with regulations, or if the aircraft is maintained and operated according to accepted 
methods, the insurance companies often do not pay if there is an accident.  An aircraft owner or pilot 
can suddenly find themselves with no insurance if there is an accident and the aircraft has alcohol in the 
fuel tanks.   While some aircraft owners might choose to accept the risk of the loss of their aircraft, the 
owners do not realize that they also lose any protection against damages to other people or property.  
In the mythical example of an aircraft that crashes into a children’s hospital, lawyers will line up around 
the block to sue the aircraft owner, and the insurance company will be nowhere in sight.   In fact, the 
alcohol test kits, described above, are a standard tool in the tool kit for an aircraft insurance adjuster, 
and is one of the first things tested for by the insurance company for any accident claim.    
Though the future cannot be accurately predicted, the possibility that ethanol is going to be 
blended into mogas in the future is very unlikely. In fact, politically driven state policies are moving to 
enact increasing the amount of ethanol in motorfuels. The following excerpt shows the future of ethanol 
blended motorfuels, “The Environmental Protection Agency today agreed to let refiners add as much as 
15 percent ethanol to a new blend, up from the current 10 percent” (Parker & Chapman, 2010). With 
daily revelations on this front, the end of ethanol blended motorfuel in the US is not likely, barring any 
rapid change in political direction. This is not good news for those who rely on this ethanol free mogas 
to power their airplanes. Since ethanol is blended in at the refinery level of the supply chain, it is nearly 
impossible to obtain specialty loads of unblended mogas for aviation use. Under these circumstances, 
mogas is very much unfit for use in aviation, under the auspices of an STC or as a replacement for 100LL. 
Beyond the ethanol, most mogas is blended to have less than 90 MON. This fact alone makes it 
insufficient for use as a replacement for 100LL, despite the ethanol content. Even if one were able to 
obtain a specialty load of pre-bled (ethanol free) mogas, refiners usually only have an 83 AKI 
(AKI=RON+MON/2) product available. A sub-80MON product would not provide the necessary anti-
knock margin required by +100MON aviation engines. Despite the attractiveness of using the world’s 
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most supplied petroleum fuel for use in aviation, for all of these abovementioned reasons, mogas is not 




















82UL Aviation Gasoline 
 
 The idea of the disappearance of 100LL is not a new one. In fact, most pilots say that they have 
heard of this notion for at least the past 20 years. The industry players have also been discussing this 
possibility seriously for at least the past four decades.  
In 1988, in Baltimore, the industry held a Future Fuels for General Aviation Symposium to 
discuss the short and mid-term future of general aviation beyond 100LL (ASTM Subcommittee D02.J, 
1998). The conclusion was that general aviation would continue to heavily dependent on the availability 
of high octane aviation gasolines. It was understood that the only method by which booting the octane 
had been occurring was through the addition of tetra-ethyl lead (TEL). With the threat of the 
disappearance of TEL, the industry members concluded that, “the long term survival of the piston fleet 
will be based on the ability of the general aviation industry to adapt its products to use fuels available in 
large pools” (ASTM Subcommittee D02.J, 1998). It was decided at the symposium that a sort-of 
emergency fuel be specified for use to continue to allow general aviation to function, beyond TEL.  
Based on the conclusions from the symposium it was recommended that there be a, “drafting of the 
new Grade 82UL Aviation Gasoline Specification was initiated during ASTM Committee D02 Meeting 
held in New Orleans on 12 December 1989” (ASTM Subcommittee D02.J, 1998).   Work on 82UL has 
progressed with the purpose of finding an unleaded aviation gasoline that can fuel the largest number of 
aircraft possible.  After a review by the petroleum producers of all of the possible additives to replace 
TEL it was determined that 82 octane was the best that could be produced.  After a review of all existing 
aircraft and engine specifications, it was determined that 82UL would fuel a majority of the general 
aviation aircraft, the exact number of which remained in debate.     
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 The task force for 82UL began testing by having sixteen different test fuels prepared for testing. 
There were twelve different candidate 82UL fuels blended and four reference fuels consisting of both 
100LL and mogas samples. Each one of the twelve candidate blends of 82UL exhibited varying 
performance characteristics to establish the blending envelope for the 82UL specification. 82UL gasoline 
was essentially an unleaded aviation gasoline base stock, similar to what TEL was added to in order to 
derive 100LL. Added to this base stock  was “specific aliphatic ethers, synthetic hydrocarbons, or 
aromatic hydrocarbons” (ASTM International, 2004); or in other words, methyl tertiarybutyl ether (a.k.a. 
MTBE). MTBE was classified as an oxygenate since it raised the oxygen content of gasoline. MTBE had 
been used in U.S. gasoline at low levels since 1979 to replace TEL as an octane enhancer (U.S. 
Enviromental Protection Agency, 2008). It was then natural that this task force undertook the use of 
MTBE as a natural replacement for TEL to solve the aviation gasoline problem. The specification for 82UL 
limited the ether content to 2.7% by mass, in the finished fuel (ASTM International, 2004). At the time of 
this research, the use of MTBE in fuels was on the rise, according to the EPA, “Since 1992, MTBE has 
been used at higher concentrations in some gasoline to fulfill the oxygenate requirements set by 
Congress in the 1990 Clean Air Act Amendments” (U.S. Enviromental Protection Agency, 2008). 
However, MTBE was proving not to be the magic bullet that some were hoping for. EPA cited that, 
“MTBE dissolves easily in water and does not ‘cling’ to soil very well, it migrates faster and farther in the 
ground than other gasoline components, thus making it more likely to contaminate public water systems 
and private drinking water wells” (U.S. Enviromental Protection Agency, 2009). Furthermore, the EPA 
stated that, “MTBE does not degrade (breakdown) easily and is difficult and costly to remove from 
ground water” (U.S. Enviromental Protection Agency, 2009).  
 Though there was no national standard for MTBE pollution established, the EPA did issue a 
Drinking Water Advisory in 1997. The advisory was a non-regulatory document that provides Consumer 
Acceptability Advice and Health Effects Analysis on MTBE. The report claimed that, “there is little 
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likelihood that MTBE concentrations between 20 and 40 ppb in drinking water would cause negative 
health effects;” however, they went on to state that it was possible your water would taste and/or smell 
like turpentine if MTBE was present at these levels. (U.S. EPA, 2007). Proponents of banning or severely 
limiting MTBE as an additive pointed to a famous case of ground water contamination involving MTBE 
following the use of MTBE in automobile gasoline for a period of time. This incident of MTBE 
contamination occurred in 1996 in Santa Monica, California and was the first major incidence of MTBE 
contamination in the United States. The EPA recounted that, “Santa Monica learned that two of its 
drinking water wellfields, Charnock and Arcadia, were contaminated with MTBE at levels as high as 610 
ppb and 86 ppb respectively. In response, the two wellfields, representing 50 percent of the city's 
drinking water supply were shut down and the city began purchasing replacement water” (U.S. 
Enviromental Protection Agency, 2009).  
 Despite the perceived negativity surrounding the use of MTBE, the task force continued to 
examine its use as a replacement for TEL in aviation gasoline. The research task force was lead by 
members of Cessna Aircraft Company. As a major general aviation manufacturer, reliant on the 
existence of an aviation gasoline, Cessna spearheaded the development of this specification by 
conducting most of the research on the fuel samples. It should however be noted that Cessna personnel 
did not have illusions that 82UL would be a direct replacement for 100LL. During a recent personal 
discussion with Cesar Gonzalez (who led the 82UL projects at Cessna), he said “we *the task force+ were 
trying to come up with a safety net, just in case” (Gonzalez, 2010). In addition to Cessna’s participation, 
the Phillips Chemical Company, and the Diamond Shamrock - Three Rivers Refinery produced the various 
test samples of fuel. Most of the tests were conducted under the auspices of Cessna; however, the 
Southwest Research Institute (SwRI) carried out many of the laboratory tests on oxidation stability, 
gums testing, and long term storage among others. Many of the materials compatibility tests were 
carried out via rig tests developed by Cessna engineers. These rigs emulated various parts of the aircraft 
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and engine that would come into contact with the fuel. Lycoming Engines also performed some engine 
endurance testing at their facility on an IO-360 engine, “using exclusively Grade 82UL Test Fuel” (ASTM 
Subcommittee D02.J, 1998). There were several other testing laboratories who performed minor 
verification tests to ensure compatibility. Their results yielded the publishing of an ASTM standard 
Specification for Grade 82UL Aviation Gasoline.  
 Of the twelve different 82UL fuels blended, “nine distinct Grade 82UL Test Fuels were 
specifically formulated with characteristics more severe than those posted in the Specification table of 
requirements” (ASTM Subcommittee D02.J, 1998). The testing began with detonation testing on 
candidate Grade 82UL fuels. The fuels that were used for this testing were rated below 82 MON, which 
was the limit of the specification (ASTM Subcommittee D02.J, 1998). This was done in order to examine 
the “worst case” scenario of using this fuel. As expected, the anti-knock characteristics were not as good 
as those of the 100LL fuels. This was due to the lower MON exhibited by the Grade 82UL fuel and was 
expected.  In fact, according to the specification, “Traditional leaded aviation gasolines have been 
defined by both lean and rich mixture ratings. A minimum lean mixture rating of 82.0 determined by the 
motor method provides satisfactory antiknock properties on engines certified for low octane fuels. Rich 
mixture ratings by Test Method D 909 were developed for older large displacement, high output engines 
for which this fuel is not suitable” (ASTM International, 2004).  
 With regard to materials compatibility, most of the materials were tested on rigs or test stands 
designed to emulate parts of the fuel system or powerplant. One of the biggest areas of concern was the 
engine-driven fuel pump, specifically the pump diaphragm.  It was noted by both Cessna and Lycoming 
that the standard engine driven fuel pumps installed on the Lycoming IO-360 engines began leaking and 
malfunctioning anywhere after 31-90 hours of operation on Grade 82UL (ASTM Subcommittee D02.J, 
1998). After the initial problems the report states that, “the original engine driven fuel pump was 
102 
 
replaced with a PMA approved pump which continued to operate satisfactorily for approximately 3,637 
hours *…+ without further problems” (ASTM Subcommittee D02.J, 1998). The term “PMA” ,in this 
statement, simply referred to the fact that the pump was manufactured to an approved FAA 
specification. The overall conclusion on materials compatibility, with regard to the use of Grade 82UL, 
was the compilation of a list all of the materials that were considered compatible with 82UL and that 
could be used on the construction of new aircraft certified for the fuel. Furthermore, though it was not 
explicitly stated in the report, the results and conclusions lend the reader to glen that 82UL was not 
compatible with a majority of the materials that were found in low-octane demand aircraft, such as the 
Cessna 172.  
 Based on the research report for Grade 82UL, the task force designed a specification for an 
acceptable Grade 82UL Aviation Gasoline for ballot. In 1998, Specification ASTM D6227, the Standard 
Specification for Grade 82 Unleaded Aviation Gasoline, was approved by ASTM as a commercial 
specification (ASTM International, 2004). The scope of the specification clearly stated that the 
specification only, “covers Grade 82 unleaded aviation gasoline, which is defined by this specification as 
for use only in engines and associated aircraft that are specifically approved by the engine and aircraft 
manufacturers, and certified by the National Certifying Agencies to use this fuel” (ASTM International, 
2004). The specification additionally explicitly stated that, “This fuel is not considered suitable for use in 
other engines and associated aircraft that are certified to use aviation gasolines meeting Specification 
D910 *i.e. 100LL+” (ASTM International, 2004). When compared to ASTM D910, the Table 1 of 
requirements for Grade 82UL varied considerably. Aside from the obvious deviation in MON from that in 
D910 for Grade 100LL, 82 vs. 99.5; the most obvious deviation was in the distillation curve. The 
distillation curve for Grade 100LL had precise minima and maxima specified; whereas, in D6227 the 
points that are given were much lower than those established by D910, with one of the points given as a 
103 
 
range rather than an exact point. The specification further explained that the reason a range was given 
for the 50% evaporated point was to guard against carburetor icing or vapor lock and ensure volatility.  
 One other major difference in the specification D6227 was that the Net Heat of Combustion was 
lower than that prescribed for D910 Grade 100LL. Another important parameter of operation where 
Grade 82UL varied from the established benchmark of D910 is vapor pressure, with the maxima being 
raised from that in D910 by 13kPa. No explanation for this change was reported in the D6227 
specification, other than a footnote explaining that, “The vapor pressure of permissible fuel exceeding 
62 kPa shall be shown on all product transfer documents, including the delivery document to the 
aircraft” (ASTM International, 2004). Other minor differences included the increase of the maximum 
sulfur content from that contained in D910 and the removal of the water reaction and electrical 
conductivity tests. A major addition to the properties of D6227 Grade 82UL Table 1, over D910, was the 
maximum alcohols and ether content levels. The specifications stated that no more than 2.7% 
“combined aliphatic ethers, methanol, and ethanol be added to the fuel” and that methanol and ethanol 
were limited to 0.3% mass. This 2.7% was where the MTBE was accounted for in the specification. When 
the new version of the specification was referenced, the ethers were not just limited to MTBE. The 
specification now allowed for, “Aliphatic ethers allowed up to the specification limit include methyl 
tertiary-butyl ether (MTBE), tertiary-amyl methyl ether (TAME), ethyl tertiary-butyl ether (ETBE), and 
diisopropyl ether (DIPE)” (ASTM International, 2004). These additional ethers were presumably 
acceptable substitutes following the negativity surrounding the use of MTBE in the United States. Since 
all three were aliphatic ethers, similar performance could be expected as compared to MTBE alone. The 
final requirement specified by D6227, Table 1, was that Grade 82UL be dyed purple for identification 
purposes. This fuel adopted the former Grade 115/145 D910 Aviation Gasoline dye tint as it was 
removed off of the fuel grades specified in D910.  
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 As of today, the specification for 82UL is still a valid one. The specification was last revised and 
updated in 2004. However, there has not been one gallon manufactured for retail sale by the major oil 
refineries. The reasons are multi-fold; however, a main reason is that it is only acceptable for use by an 
even smaller section of the already miniscule general aviation community. This combined with the fact 
that there exists only a single distribution infrastructure, does not allow for easy sale to those that could 
use Grade 82UL. In a recent industry presentation from one of the largest aviation gasoline 
manufacturers in the US, he *name and company asked to be withheld+ said with regard to 82UL, “quite 
simply it’s a lack of market demand, the market isn’t asking for it *82UL+ and we are in no hurry to split 
apart our already deteriorating avgas market by adding another fuel *…+ it would be a logistical 
impossibility” (Name Witheld, 2010).  
 So what then does the future hold for 82UL?  82UL is likely to continue to remain certified for 
use in aviation. It is also likely continue to remain as a “just in case” emergency fuel; however, at any 
time, if the demand exists, a small refinery might find it feasible to begin production and distribution of 
82UL.  
 What is more important about the approval of the 82UL specification was that it provided an 
established path and standard by which new fuels could move through the ASTM process.  For the first 
time in decades the ASTM had moved a radically different gasoline through the approval process.  In 
fact, SwiftFuel, described in the next chapter builds heavily on this experience nearly a decade later to 
build their ASTM research report. Other candidate fuels, such as G99UL, are also likely to follow in this 
path to attempt certification.  
From inception to publication the 82UL research report has taken seven years to compile and 
gain approval. This has been the proving ground for a fuel that does not fit into ASTM D910. While the 
fuel topic persists, even today, the requirements remains the same; any alternative to 100LL must be 
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able to power all aircraft designed to run on 100LL. Grade 82UL does not meet these requirements; 




















SwiftFuel – Sustainable, renewable, synthetic 
 
 It should be noted that this author has been a part of Swift Enterprises since 2005, and so some 
of the information contained in this chapter is a first person account of how Swift originated and how it 
became a developer of an unleaded gasoline.  Some of the description provided in this chapter about 
the company, its founders, and the process, is given in order to show the completely different approach 
to the chemistry used to create a replacement unleaded aviation gasoline. This chapter also provides an 
extensive explanation of the process followed by Swift in moving forward in the development of a new 
unleaded aviation gasoline specification through ASTM.  This extensive explanation is provided, not 
simply to chronicle the achievements of this author or others at Swift, but rather to show in detail the 
extensiveness of the process required to gain ASTM approval.  The reader should remember that in a 
previous chapter regarding ASTM approval, it was noted that approval is a long process, and that 
collaboration with ASTM is major undertaking.  In that previous chapter it has been noted that some fuel 
developers have chosen not to pursue the ASTM process and are frustrated by it.  By reading this, the 
reader should gain some appreciation for the frustration expressed by these fuel developers, and the 
effort required to move a candidate fuel through the process. 
Swift Enterprises, Ltd. was founded on January 1, 2001. The primary goal of Swift was research 
in the areas of power, ordnance, and propulsion. It was founded by co-owners John and Mary Rusek.  
John and Mary were fundamental in ordnance and propulsion from their previous eight years working at 
the Edwards Air Force Base Rocket Propulsion Laboratory. John and Mary came to West Lafayette, 
Indiana in 1998 when John was offered a position at Purdue University in the College of Aeronautical 
and Astronautical Engineering as an Assistant Professor. Soon after arriving at Purdue, John realized that 
the research he was interested in pursuing was best suited outside of the university setting. This idea 
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was further fostered after John met with former Purdue President Steven Beering, who encouraged 
John to pursue research at the rapidly growing Purdue Research Park in West Lafayette.   
 On January 1, 2001, following the award of a Department of Defense grant, Swift Enterprises, 
Ltd . was founded. The initial research of Swift focused on ordnance research and novel power 
generation methods. Swift’s initial task was not to make explosives; rather, it was tasked by the 
Department of Defense to examine how to use inert materials to intensify an explosion. These were 
appropriately classified as intensifiers. These materials were inert and not harmful when in a dormant 
state and were made to be carried by soldiers in side pouches or backpacks. When combined with 
traditional explosives, such as PBX, the intensifiers could increase the blast effect by up to ten times 
with only a third of the explosive material. The other main technology that Swift was researching in its 
early days was a liquid-liquid proton exchange fuel cell for power generation. This fuel cell technology 
was far different than any other fuel cells in that the catalyst layers within the fuel cell were flexible and 
non-noble metal, such as platinum or gold. These fuel cells could be run at ambient temperature and 
pressure and designed to produce up to 10kW of power, or more than enough to power a single family 
home. Combined, these technologies represented Swift’s research from 2001 to early 2005.  
 Swift’s co-founder John Rusek, was also a private rated pilot, and in 2005 began pursuing his 
instrument flight rating.  
 In 2005 this author was asked to co-pilot a flight to Cleveland, Ohio to drop off Swift’s President.  
John Rusek was to be the other pilot on the return trip.  As our conversation developed back and forth, I 
told John that what I wanted to pursue was the development of a new fuel to replace 100LL aviation 
gasoline. I had gathered through independent study that 100LL might be in danger of going away in the 
future without a replacement fuel on the horizon to take its place. Without a fuel for the future, if 100LL 
did go away, future generations might not have the same freedom to fly. After a lot of pontification and 
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discussion, John and I returned to Purdue University Airport with a burning interest in pursuing this 
effort. As we pushed N735XH back into the hangar, John simply said, “Let’s do it!” which began the 
SwiftFuel research. 
 The next day, John and I began searching through the entire university library catalog and 
locating all the books and articles covering fuels research and findings. As we were searching through 
the information, we had one goal, identify what could be used to make a fuel over 100 MON that was 
suitable for aviation. In among the many books we looked through, we came across a book published by 
the American Society for Testing and Materials which identified the Knocking Characteristics of Pure 
Hydrocarbons. Even though the book was published in 1958, it was clear that this was the Holy Grail for 
aviation gasoline development. This book listed several hundred pure hydrocarbons that had been run 
under an ASTM test program and listed their motor-octane numbers as well as supercharge ratings. This 
became our guide for fuel blending and set forth a path of diligent research and study.  
 The approach taken by Swift was fundamentally different than the previous approaches to 
developing an unleaded fuel.   Whereas previous efforts were aimed at finding a way to replace TEL and 
to solve the problem of fixing gasoline’s detonation problem, the Swift approach was to go back and 
define what the fuel was supposed to do in the engine.  The review of the variously blended 
hydrocarbons provided a systematic map of what the characteristics of the liquid fuel needed to be.  
Once these characteristics were understood, it simply became a matter of custom designing a blend of 
custom made hydrocarbon molecules to perform the same way as gasoline.  There was nothing magical 
about gasoline as the fuel for piston engines.  There were a variety of hydrocarbons that could have 
been chosen in the early days of piston engines to power vehicles.  Gasoline was chosen almost by 
default because it was inexpensive and available.  In the early days of automobiles, petroleum 
companies almost could not figure out how to get rid of the gasoline that was left over from the refining 
109 
 
processes.  If not for automobiles, who knows what they would have done with all of the gasoline 
created from the refinement of crude oil.   
 It should be noted too that since gasoline was first developed for piston engine use, the entire 
field of organic chemistry was developed and matured.  At the same time, techniques and methods for 
synthetically creating custom made hydrocarbon molecules on demand, has become possible and 
economically feasible.  With these advances it became possible now at the beginning of the 21st century, 
rather than to take the random assortment of hydrocarbon molecules resulting from the traditional 
crude oil refining method, custom hydrocarbon molecules can be created to behave as needed.  In the 
case of aviation gasoline, the behaviors of fuel in the aircraft can be closely recreated by creating exactly 
the hydrocarbon molecule desired.  
Over the next two and a half years at Swift, several hundred samples were blended in small 
quantities and tested in the laboratory and through computer modeling software. Based on the data 
gathered, Swift would alter the formulation slightly or entirely to produce the desired test result. From 
2007 to early 2008 testing began to expand outside of Swift’s laboratories and tests were conducted on 
small engines at the Delphi Municipal Airport (1I9).  In addition to this practical testing, Swift had tests 
conducted by independent third-party fuel testing labs. These fuels were tested on all of the parameters 
for leaded aviation gasoline, 100LL. The goal became to find a fuel that matched all the vital 
performance parameters for 100LL specified in ASTM D910.  What started out as a six component fuel, 
after much testing and verification, soon became a two component mixture which satisfied 98% of the 
specified performance parameters of ASTM D910 on March 24, 2008. Due to the simplicity of the 
mixture, Swift personnel knew that it was possible to synthetically create these pure hydrocarbons using 
sustainable resources.  Finally, on April 16, 2008, SwiftFuel Sample 702 was proven to meet all of the 
critical performance parameters set forth for aviation gasoline by ASTM D910.  
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 SwiftFuel, also referred to as 100SF or UL102, is a binary mixture of pure hydrocarbons. These 
hydrocarbons are 1,3,5-trimethylbenzene (Mesitylene), an aromatic hydrocarbon, and 2-methylbutane 
(Isopentane), a branched-chain alkane. They are mixed together in an 80/20 ratio by volume and 
produce a nominal aviation gasoline with a 104.9 MON capable of emulating nearly all of the 
performance parameters of ASTM D910, for Grade 100LL. UL102 is completely miscible and fungible 
with current 100LL in any ratio without falling out of minimum specification for MON (99.6) as set forth 
by ASTM D910. Testing has shown that 100SF is able to be used as a near-drop-in replacement for 100LL 
without first having to modify aircraft, engine, or fuel systems. The pure hydrocarbons that comprise 
100SF are synthetically manufactured using a biomass input, making the fuel sustainable and renewable.  
 Swift joined as a member of ASTM International in 2006 with the intention on one day fitting 
SwiftFuel into the ASTM D910 specification for aviation gasoline, right alongside of 100LL. As the years 
went by, it became apparent that Subcommittee J02, which governed the specification, would not allow 
an unleaded fuel to be added into a leaded fuel specification. The Subcommittees intention was to let 
the D910 specification expire once leaded gasoline for aviation was no longer produced. Despite the 
change in plans, Swift decided that forming a task group by which to disseminate testing results and 
data for SwiftFuel would be the best path forward. In early 2008, Swift asked formally that a task force 
be formed, of industry members, to help move the fuel forward through certification. Throughout the 
first few task force meetings, it became apparent that the task force would also offer guidance and 
suggestions of tests to be performed on the fuel to prove its viability as a replacement for 100LL. 
Through industry collaboration, SwiftFuel was tested and evaluated.  at by the following industry 
players: Lycoming Engines, AvFuel Corporation, The FAA Technical Research Center, Cessna Aircraft 
Company, Teledyne Continental Motors, Beechcraft Aircraft Company, Embry-Riddle Aeronautical 
University, Dixie Services (ASTM Test Laboratory), General Aviation Modifications Incorporated (GAMI), 
Purdue University Aviation Technology Dept., National Institute of Standards and Technology (NIST), and 
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the United States Air Force Research Labs (AFRL), to name a few. Each subsequent test resulted in what 
became mini-endorsements for SwiftFuel, by each of the respective organizations, based off of the 
performance results. With each bit of test data generated, task force members became more convinced 
of the technical merits of SwiftFuel. The task force leader, a representative of ExxonMobil, suggested 
that Swift pursue a “Test Fuel Specification” through ASTM. This test specification would ensure that 
each batch of test fuel produced, complied with an ASTM standard, thus validating each run conducted 
for final certification. The specification itself would be similar to D910 in that it laid out performance 
standards to which the fuel must comply with.  
 Proving the need and technical backing of this test specification would prove to be a huge 
undertaking. Swift had to prove to the task force and to ASTM that a new specification was warranted 
and that enough data existed to establish the parameters set forth in the new test specification. The 
vehicle the task force chose to compile this information, for presentation, was a standard ASTM 
research report. Swift began compiling all past testing results into a valid ASTM research report. Among 
the many reports contained within this research report were two studies done by the FAA Technical 
Research Center. The two reports covered Detonation Mapping & Power Baseline and a Part 33 Engine 
Endurance test. The Detonation Mapping & Power Baseline concluded that SwiftFuel had a higher 
detonation margin than the baseline 100LL fuel. It showed that SwiftFuel could stave off detonation in a 
large-bore high compression Lycoming IO-540 aviation engine. The test showed that an additional three 
to four inches of MAP were gained before detonation onset (Atwood, Full-Scale Engine Detonation and 
Power Performance Evaluation of Swift Enterprises 702 Fuel, 2009). The other FAA test, the Part 33 
Engine Endurance test, was conducted “to determine whether there were any initial major engine 
performance-related findings that would prevent further research into the use of a Swift binary blend of 
these components” (Atwood, FULL-SCALE ENGINE ENDURANCE TEST OF SWIFT ENTERPRISES UL102 
FUEL, 2010). Since there existed no lubricity requirement for aviation gasoline, this test was estimated, 
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by the task force, as the best way to examine any negative long-term effects of removing tetra-ethyl 
lead (TEL) from aviation gasoline to the engine. “The endurance test results indicated that the engine 
experienced normal levels of engine wear during the 150-hour test, and combustion, oil, and fuel 
deposits were light” (Atwood, FULL-SCALE ENGINE ENDURANCE TEST OF SWIFT ENTERPRISES UL102 
FUEL, 2010). Based on these tests and nearly 50 others, Swift compiled a 500 page research report for 
ASTM review. The research report was submitted for ballot by ASTM in September of 2010. In 
November of 2009, the results from the ballot came back. There were only 2 of 226 voters that voted 
negative on the report (ASTM International, 2010). This indicated that most of the members of the 
aviation fuels subcommittee felt the report was warranted.  The two negative voters had their issues 
resolved by Swift at the ASTM meeting in December and subsequently withdrew their negative votes at 
that time, allowing the ballot to pass.  
 With regard to the test fuel specification, Swift balloted an initial specification in October 2009 
at ASTM, it received three negative votes. Two of the negative votes were editorial changes and were 
withdrawn to allow the ballot to pass forward. There was however one negative that was unable to be 
withdrawn to allow the ballot to pass. This negative pointed to the fact that there existed not enough 
data to prove the necessity of this type of specification. This is the main reason that the above-
mentioned research report was balloted; which created a body of data and knowledge on which to base 
a test fuel specification. Using the data comprised in the successfully balloted research report, a second 
ballot was issued to ASTM, by Swift, in November 2010. The ballot was a Standard Specification for High 
Octane Unleaded Test Fuel. The ballot was voted upon by members of the ASTM Subcommittee for 
Aviation Fuels and received no negative votes, with 100% of the committee participating in the voting. 
This means that all 250 members of the subcommittee felt that this specification was acceptable and 
had the necessity of this specification proven through data contained in the research report. This was a 
huge accomplishment for Swift, as it validated the hard work and nearly five years worth of effort that 
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had gone into the development of SwiftFuel. The results of both the research report ballot and the 
Specification were validated at the annual ASTM meeting in December 2010. The specification was 
allowed to pass to full committee ballot for its final critique before publishing as an official standard.  
 In February 2011, the final balloting of the specification for UL102 began. When the ballot 
closed in April 2011 there were only two negative votes that arose. In three days time, the Swift crew 
worked to make the editorial changes to the specification and allowed for the negatives to be 
withdrawn by their respective voters. SwiftFuel UL102 was finally covered under a legitimate ASTM 
standard under ASTM D7719, the Standard Specification for High Octane Unleaded Test Fuel, for Grade 
UL102 by May 2011. This is the first time, in history, that an unleaded +100MON fuel designed for 
aviation was certified under a standard ASTM specification.  
 Beyond the Test Fuel Specification, further testing is required before final certification is 
achieved for all aircraft. This testing will be accomplished by the individual OEM’s and their partners. 
This data is once again to be compiled into a final full research report, including the original data and 
balloted at ASTM. It is planned that the final balloted research report will support the conversion of the 
test specification to a full final commercial specification. It has been estimated by task force leaders that 
this process should take only a third of the time to accomplish, as the “heavy lifting” is done with the 
completion of the test specification. However, a true timeline to completion is merely estimation since a 
roadmap to completion has not ever before existed. This is due to the fact that a new fuel has not been 
certified for use in aviation since before the start of World War II.  Thought it may seem insurmountable 






100VLL Aviation Gasoline 
 
 When the Clean Air Act was signed into law on December 31, 1970, by President Richard Nixon, 
the implications for aviation would be felt nearly 40 years later. The Clean Air Act of 1970 and its 
subsequent revisions in 1990 specifically aimed at reducing the use of tetra-ethyl lead (TEL) in the 
United States. Beginning with the largest user of TEL in the 1970’s and 80’s, autogas slowly began to 
phase out the addition of TEL. By the end of the 80’s, lead had pretty much disappeared from autogas, 
and by 1990 all TEL was banned from use in on-road motor vehicles. The only uses of TEL that remained 
at the start of the 90’s were for off-road vehicles, recreational vehicles, such as watercraft and 
snowmobiles, and general aviation. These vehicles operated under special exemption from the Clean Air 
Act of 1990 as the volume reduction created by removing TEL from auto gasoline served to meet the 
requirements of the Clean Air Act. However, in January 1996, off-road use of leaded fuels was banned 
altogether.  The only transportation sector that was still allowed to use leaded fuels was general 
aviation. General aviation continued into the twenty-first century still burning a leaded gasoline, 100LL, 
under exemption from the Clean Air Act due to safety of flight concerns expressed by the FAA.  
By 2011, various environmental groups have put general aviation under great scrutiny as it was 
the source of 45% of annual domestic lead emissions (Passavant G. , 2009).  On October 12th, 2006, a 
petition was filed with the EPA by Bluewater Network, a division of Friends of the Earth, asking the EPA 
to determine whether lead emissions from general aviation pose a significant risk to human health 
(Passavant G. , 2009).  If sufficient information was found, the EPA was asked to make a formal Finding 
of Endangerment to public health and welfare.  This would result in the regulation of lead emissions 
caused by the combustion of 100LL.  The other driving force behind the reduction of 100LL use was the 
updated National Ambient Air Quality Standard (NAAQS) for lead, which was released by the EPA in 
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October 2008.  For the previous twenty nine years, the limit for ambient air lead was set at 1.5 µg/m3.  
Medical research since then showed that much smaller lead levels can cause serious health effects, 
especially in children.  The new standard allowed for lead levels to be reduced to only 0.15 µg/m3 of air, 
or 10% of the old standard, by no later than January 2017 (Passavant G. , 2009). If non-compliance was 
revealed, it became up to the individual states to correct the matter, not the federal government.  
This remained the backbone for why the industry sought an unleaded alternative for 100LL. 
Mike Kraft of Lycoming Engines said it best when he stated the following to a group of pilots at Oshkosh, 
“The members of the industry prefer to make the decision ourselves *transitioning to a UL fuel+, rather 
than have the government regulate us into one *…+ we *general aviation+ will lose with the latter of the 
two choices” (Kraft, 2009). It was estimated that nearly 400 airports in the United States would not 
comply with the new NAAQS standard. EPA monitoring that began at some of those select airports, 
which began in March 2011, was predicted to show the same non-compliance.  During search for an 
unleaded fuel, industry members and advocacy groups began to propose a temporary solution that 
would buy these non-compliance airports and their respective states more time before the introduction 
of an unleaded general aviation replacement fuel.  An industry coalition began exploring the feasibility 
of a “band-aid” fuel to satisfy the near term goals of lead reduction while certifying a replacement 
unleaded fuel. 
In an effort to comply with the new EPA lead limits a new Very Low Lead version of 100 octane 
fuel has been proposed. This section explores: the composition of 100VLL, the industry players behind 
its inception, the highlights of the test results on 100VLL, the specification of the fuel, where 100VLL is at 
today, and the future for the fuel.  
The composition of 100VLL is identical to 100LL with one minor alteration in the maximum TEL 
content. Unlike most of the other fuels examined, 100VLL is not intrinsically different in composition 
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from the current aviation gasoline. In fact, 100VLL fits within the ASTM D910 specification for leaded 
aviation gasoline. In December 2009 Grade 100VLL was proposed as an additional grade of fuel to be 
added right alongside of 100LL in Table 1 of the specification.  The composition of the base alkylates 
used to manufacture 100LL remains unchanged for Grade 100VLL. In most cases 100VLL is a new name 
for the same 100LL formulation that already populates the general aviation fuel supply currently.  
The Coordinating Research Council (CRC)  (the research arm of the ASTM) compiled a report 
investigating the reduced lead content in 100LL and examining the current supply of 100LL for current 
lead content.  One of the major findings of CRC Report 657 was that in relation to current lead content is 
that, “a reduction *in max TEL content+ is technically feasible,*however+ there are other non-technical 
considerations which must be addressed by the aviation industry which are outside the jurisdiction of 
CRC research” (Wilkinson, 2010). The aim of the survey was to determine if the current 100LL at FBO’s 
contained the maximum amount of TEL listed in Table 1 of D910. The survey showed that of 89 samples 
surveyed, which represented 8 total refineries, the mean lead content was 84% of the max (0.56 gPb/L) 
listed in D910 (Wilkinson, 2010). The industry group initially proposed that all that would be required 
was a reduction in the maximum TEL content specified, under a new grade, which would require no 
change to the actual fuel provided. However, even the statistical mean of the fuel sampled indicated 
that it would not comply with the proposed reduction to 0.45 gPb/L (ASTM International, 2011).   
 Despite the technical considerations the report mentioned “other non-technical considerations” 
(Wilkinson, 2010) which needed to be addressed. These issues came to light during the subcommittee 
and task force meetings at the June 2010 ASTM gathering. The issues that were alluded to resided at the 
refinery level rather than at the FBO. Several major refiners took exception to the proposed reduction 
stating that it would require a major change in current refiners setup; thereby, causing a significant 
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increase in fuel price. It was also mentioned that some refiners currently producing avgas would be 
unwilling to modify their production process to accommodate 100VLL.   
As it is now apparent, current refineries use many different methods to achieve the 
performance parameters of D910. Each refiner, uses a different quality of alkylate stream, based on 
what they have available, as a base-stock for avgas. To make up for the low quality of alkylate that some 
refiners use, they must add more TEL to achieve the requisite octane rating required. When 
manufacturing 100LL, this becomes a mute point since the final finished product complies with D910. 
With the reduction in max TEL content, these refiners that have optimized their avgas production are in 
danger of not being able to produce a compliant 100VLL fuel. Due to the low margins in avgas already it 
is feared that these refiners may be unwilling to make the investment in infrastructure modifications 
and or an adjustment to the ratio of different products to produce the same volume of avgas.  
 Another technical concern that was addressed by industry members was the question of 
whether or not a minimum MON of 99.6 provided the necessary anti-knock protection required for all 
current general aviation piston engines. It was explained that the minimum of 99.6 MON established for 
Grade 100LL was sufficient due to the extra margin of safety afforded by the higher max TEL limit. It was 
acknowledged that 99.6 MON itself might not be adequate to provide full anti-detonation protection to 
the entire range of 100LL-certified engines; however, due to the max lead content it was unlikely that a 
delivered fuel would have a MON of 99.6. In fact the CRC report showed that the mean MON of the 
surveyed fuels was 103.7 and the minimum found was 101.6 (Wilkinson, 2010). With grade 100VLL, the 
margin would be reduced nearing the bottom-end limit of 99.6. In the interest of getting Grade 100VLL 
passed during the current round of ASTM voting, engine-run data was promised if the vote could pass 
unencumbered.   
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 The group pushing for the inclusion of Grade 100VLL included major aviation advocacy groups 
comprised of the Experimental Aircraft Association (EAA) and the Aircraft Owners and Pilots Association 
(AOPA). The general aviation manufacturers were represented by the General Aviation Manufacturers 
Association (GAMA). Special interest groups were represented on the committee by the National Air 
Transportation Association (NATA) and the National Business Aviation Association (NBAA).  Avgas 
manufacturers were embodied by the participation of the American Petroleum Institute (API), and the 
National Petrochemical and Refiners Association (NPRA) on the committee.  The sole purpose of the 
group was to be “actively engaged in working with the manufacturers, the FAA, and the EPA to achieve 
significant reductions in lead emissions for the General Aviation piston powered fleet which requires a 
minimum grade 100LL AVGAS” (ASTM International, 2011). Several independent consultants were hired 
to help provide insight and aid in developing the specification and accompanying CRC Report.  The group 
arrived at Grade 100VLL based on pre-determined criterion of “1) a drop-in reduced TEL content AVGAS 
as a replacement for grade 100LL, 2) no action required from manufacturers or operators, 3) no impact 
on engine or aircraft FAA certification, and 4) a lowering of the total lead emissions in airport areas 
where monitoring may determine the current NAAQS standard is not being met” (ASTM International, 
2011).  
 The final specification for Grade 100VLL has not completed. As of April 2011, the revision of 
ASTM D910 to include Grade 100VLL in Table 1 was up for ballot at main committee. Providing this 
revision passes main committee, Grade 100VLL becomes an official grade of avgas under D910. The final 
minimum TEL content balloted was 0.45 gPb/L; this equated to an 18% reduction from that specified for 
Grade 100LL (ASTM International, 2011). No other changes to the D910 specification were required.  
Upon passing of the ballot, Grade 100VLL would technically be available for sale.  
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 The future of Grade 100VLL is somewhat unknown as the specification has not yet passed the 
main committee. However, Grade 100VLL was not designed to be “the next 100LL” so its 
implementation system-wide is somewhat unlikely. 100VLL was designed so that the states that have 
airports which are in non-attainment of the reduced NAAQS standard have method available to show a 
reduction in lead emissions, without having to restrict air traffic operations. There are still those in the 
industry however who are cornered that the benefits gained by the use of 100VLL are far outweighed by 
the possible negative consequences and end-user confusion. A required relabeling of those facilities 
offering Grade 100VLL would undoubtedly confuse pilots and FBO operators. If pilots do not fully 
understand that the Grade 100VLL fuel can be used in their aircraft, they may choose to purchase 100LL 
fuel elsewhere resulting in unsustainable reductions in fuel sales at those FBO’s who are mandated to 
sell 100VLL. Though technically 100VLL may be sound, the financial implications to refiners, pilots, and 
FBO’s may not be fully realized until it is too late. As acknowledged by the 100VLL task force themselves, 
the future relies on the certification and approval of an unleaded replacement for 100LL; thereby, 











Aviation Fuels Certification 
 
 The certification of aviation gasoline is a multi-step process involving many different entities and 
organizations. Up to this point, the industry has been primarily centered on the use of a single legacy 
fuel, 100LL. Fuels that have been certified in the past few decades, such as 82UL, are not capable of 
replacing the legacy fuel altogether; therefore, designing a recertification process has not been 
necessary. With the forthcoming fuels’ potential ability to replace 100LL, certification is more important 
now than it has been in the past. In this chapter examines: the way aviation gasolines have been 
certified in the past, the ASTM’s role in fuel certification, some issues that exist with certifying new fuels 
for fleet-wide use, and how it is envisioned that replacement gasolines are to be certified in the future. 
 In aviation, as with most industries, technological advancements are always being introduced to 
the market. However, these advancements have not just been hardware and technology advancements, 
they have also included fuel advancements. As engine and airframe technology improved, so too did the 
requirements of the fuel to support those advancements. Over the years, the ASTM D910 specification 
has been continually altered and changed to accommodate the ever changing demand. What has 
evolved is learned from years of experience and improvements in engine design.  
 Traditionally, aviation gasoline has been manufactured from crude oil at an oil refinery. 
Transportation fuels in general are handled as commodities, with avgas having a closed distribution 
system to deliver fuel to the end user, more so than any other fuel type. As a “commodity” everyone 
makes the assumption that fuel just “is”.  They treat fuel like water, or air, and give little thought to the 
fact that in order to make aircraft design decisions; fuel must be uniform, dependable, and always the 
same. The FAA has governance and control over all issues that deal with aviation and safety of flight. 
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Fuel is included under those auspices; however, the method of its certification is not straightforward. 
With regard to fuel, the FAA heavily relies on fuel specifications derived from ASTM. The FAA then 
certifies not the fuel but the engines and airplanes to operate on that specified fuel.  
 The exact route in which 100LL was allowed to be used for flight originates at the ASTM 
specification itself. In 1942 the ASTM approved a new grade of aviation fuel, 100/130 avgas, and in 1951 
it was approved as part of the new ASTM D910 specification (ASTM Subcommittee D02.J, 1998).  This 
specification would end up the backbone for all leaded aviation gasoline. Because every fuel grade 
contained within this specification maintained the same performance properties, except for octane 
numbers, the FAA authorized the use of any fuel grade listed; as long as the minimum octane number 
specified by the OEM was satisfied. For example and engine certified on Grade 80 could also legally 
operate on both Grades 91 and 100. Due to rising concern over airborne lead emissions from Grade 100 
that stemmed from the research being done leading up to the EPA Clean Air Act, Grade 100LL was 
developed, which had a maximum lead content that was one-half that of Grade 100. Since the octane 
rating of Grade 100LL remained the same as that of Grade 100, all engines and aircraft approved for use 
on Grade 100 were automatically certified to run on Grade 100LL.  After the rollout of 100LL, the 
industry began a push to streamline aviation gasoline grades. This push inevitably led to the 
discontinuation of all other grades of leaded avgas in commercial quantities, leaving 100LL as the sole 
fuel. The only real effect on aviation engines was the requirement that engines certified on Grade 
115/145 to be de-rated to run on 100LL.  
 Certification has been relatively straightforward for the past four decades. New equipment, such 
as the Cirrus SR-22, was certified by the FAA based on a known fuel, 100LL. In the example of the SR-22, 
the OEM first had to choose a fuel or fuels on which to certify their aircraft. As 100LL was the only 
commercially available fuel, ASTM D910 Grade 100LL fuel was chosen. The engine OEM, in this case 
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Teledyne-Continental Motors, had to certify the engine under an FAA CFR Part 33.7 test. According to 
the Code of Federal Regulations (CFR’s), this test “establishes operating limitations for *…+ fuel grade or 
specification” (FAA, 2011). Again, the FAA in this case is not certifying a fuel or fuel grade, they are 
certifying that a fuel meeting the specification is now an operating limitation of the engine under CFR 
Part 33.7. The next step in certification is the airframe OEM, in this case Cirrus, undergoing a CFR Part 25 
certification on the airframe, with the CFR Part 33-certified engine. Under CFR Part 25.1521, the OEM 
must establish powerplant limitations “so that they do not exceed the corresponding limits for which 
the engines or propellers are type certificated” (FAA, 2011); one of the subcategories included is fuel 
specification. This again calls attention back to the ASTM specification under which the grade of fuel was 
certified, which in this case is of course ASTM D910. One final certification the airframe OEM must 
undergo, with regard to fuel, is certification under CFR  Part 25.1583. This is a section of operating 
limitations on certified aircraft. Under this part, fuel is established as a true operating limitation. Under 
this part, it specifies that “Limitations required by Sec. 25.1521” (FAA, 2011), become powerplant, and 
subsequently airframe, limitations in the Airplane Flight Manual (AFM). The last and final portion of 
certification which deals with fuel certification is detailed in CFR Part 91.9. This part pertains to the pilot 
rather than the specific OEM’s. Part 91.9 states that, “no person may operate a civil aircraft without 
complying with the operating limitations specified in the approved AFM” (FAA, 2011). Again this part 
adds a further layer, this time it is the responsibility of the pilot in command, to ensure the correct fuel 
is used.  
 Many will argue that the FAA should certify new fuels in the same manner that aircraft parts are 
certified. In the case of new aircraft parts, the FAA has oversight of the entire process. With a new part, 
engineering drawings are submitted to the FAA and based off of those drawings, the FAA starts with the 
raw material oversight. Then the FAA ensure the manufacturing process and final instillation are all 
compliant with the original engineering drawings. Essentially the FAA with this method has direct 
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oversight in every step of the process, with the industry providing data and information for FAA 
approval. With fuel however, this is nearly impossible. Doing a comparison to the previous example, the 
engineering drawing in this case is the fuel specification. Then the next major difference is the fact that 
the industry (i.e. the oil companies and OEM’s) has oversight over the entire process until the fuel is 
delivered to the end user. This puts the onus on the industry, not the FAA to ensure that raw materials 
and manufactured product are up to specification. Even “final assembly” and delivery are still in the 
oversight of the industry. Only when the fuel is pumped into an end users aircraft does the FAA have 
oversight. The only form of oversight the FAA has at this point is to ensure that the operating limitations, 
established during aircraft certification are in compliance, through the pilot in command. The entire 
process of FAA oversight of fuel is completely hinged on the specification, which for the most part is 
under industry control.   
 To date, with fuels that comply with ASTM D910, this has not been a problem. New aircraft have 
been certified on a known fuel. However, as mentioned in previous chapters, D910 is only applicable to 
leaded petroleum-derived gasolines. Therein lies the problem. The industry desires to move to an 
unleaded fuel to replace current 100LL. As mentioned above, the FAA does not certify new fuels; 
therefore, the logical place to start is at ASTM. The ASTM is comprised of committees and 
subcommittees which are populated by industry members. All liquid transportation fuels fall under the 
D02 committee on Petroleum Products and Lubricants.  Each liquid fuel used for transportation falls 
under this committee. There is a further subdivision called Subcommittee J0 which handles aviation 
fuels. Aviation gasolines, such as 10LL, fall under the J0.02 section of subcommittee J02. Based off of the 
previously reported facts one could assume that the only method by which to certify a new fuel would 
be to add it to the D910 specification. Unfortunately, it is not that simple. ASTM members maintain that 
D910 is reserved for only leaded petroleum derived gasolines. Subcommittee members are also very 
adamant that the fuel contain some amount of TEL. Therefore, stating that a new fuel grade has a TEL 
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content of 0 is not possible. Though the specification does not give a minimum amount of lead each fuel 
must contain, D910’s preamble states that the finished fuel must contain TEL. It is the intention of the 
subcommittee to allow this specification to expire once leaded fuels are no longer available or 
manufactured; rather than altering it to accommodate unleaded aviation gasolines.  
 Without the ability to alter the only specification that general aviation aircraft have been 
certified to since 1951, the only route that remains is to have a new specification issued by ASTM. This 
presents an entirely new set of hurdles, though, not insurmountable. Currently there exists no set path 
for new fuels to obtain this certification. This is more than likely due to the fact that a new aviation 
gasoline, equivalent to the performance of 100LL, has not existed since the inception of the specification 
in 1951. This means that the subcommittee members are not aware of how to accomplish this task and 
guidance from ASTM does not exist, as this was not a common occurrence. The path that is now 
recommended for potential replacement fuels is still somewhat undefined; however, steps have been 
taken to ensure this guidance exists in the future. Recently the ASTM formed a task force to examine 
and develop a roadmap to certifying new fuels that come before the subcommittee. This roadmap is a 
step in the right direction as it attempts to outline every step of the process in certifying a new aviation 
gasoline. Unfortunately, this guidance is still in process and will take quite some time to finish, ballot, 
and become approved. For new fuels that are ready for certification now, this guidance may not arrive 
in time. In the mean time however, new fuels have taken direction from the industry members that 
comprise the “new guidance task force” so that their path to certification is in line with the new 
guidance when it is released.  
 The path to new fuel certification is different for each fuel depending on its properties. With 
fuels that have equivalent performance properties to 100LL, there exists a basic, sometimes undefined, 
path for certification. Initially, the group or company that wishes to design a specification for their new 
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fuel must first approach the J0.02 subcommittee with preliminary data as it relates to D910 and show 
where it deviates from the current fuel specification. Then a task force forms which focuses on the fuel 
itself. This task force is open to all members of ASTM that wish to have a working hand in the fuels 
certification effort. The task force will likely suggest that the fuel providers begin assembling a 
preliminary research report. This will include things such as: materials compatibility, fuel system tests, 
limited engine tests, certificates of analysis, and test reports from partner industry testing. This 
preliminary research report is presented to the task force for editing and comment. When the task force 
feels that this research report is sufficient, they authorize the balloting of the research report to the 
subcommittee. The subcommittee has approximately 30 days to vote and comment on the research 
report. Anything from format to extraneous data can be commented on and voted upon. It is up to the 
leaders of the task force, usually the fuel petitioners, to handle any negative votes with the voter. The 
goal is to rectify the negative vote by discussing the issue and making the necessary changes to the 
report.  If a change is needed that is not considered editorial in nature, the ballot must be withdrawn 
and the research report must be re-balloted all over. If the change required to withdraw the negative 
vote is editorial in nature, the vote can be changed and the ballot can move forward. Once all comments 
and negative votes are addressed, and the negatives all withdrawn, the task force lead must present to 
the full D02 committee the results at their semi-annual meeting.  
 Once a successful ballot of the preliminary research report is complete, the task force can then 
prepare a test fuel specification for ballot. The design of this specification should be as close to D910 as 
practical, with the necessary changes to accommodate the new fuel. The successful preliminary research 
report ballot should be used as the data set proving the need and viability of the new specification. 
Again, a similar ballot process is exercised as in the research report. All negatives and issues that arise 
from the test specification ballot should be addressed, adjudicated, and reported to the D02 committee. 
Once this process is complete and the ballot is unencumbered from the subcommittee, the ballot must 
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then move to the main committee for approval. Once it reaches the main committee the ballot begins 
this back and forth process all over again, as it did in the subcommittee. Upon closing of the ballot at 
main committee any and all negatives and comments must be addressed.  Once again, if a change is 
required that is not editorial in nature; the ballot must go all the way back to the subcommittee for re-
ballot before being put back in front of the main committee. Upon successful adjudication of the main 
committee ballot, the specification is then put up for society review. This is a final step process allows 
members from all committees, not just the D02 main committee, to give their input. Usually this is more 
of a formality than just a back and forth issue. Upon successful completion of the society review, the 
specification is issued a specification number and published in the ASTM book of standards.  
  As one can gather, this is a very intense and long process; however, the product that comes out 
the other side has gone under the microscope of the industry and is a far superior product. This is why 
the FAA relies so heavily on this process.  They acknowledge that this industry consensus process is far 
better than a handful of FAA personnel in an office examining new fuel certifications. Even the FAA has 
members on both the subcommittee and main committee which offer the regulatory input to the 
process. This is far superior a method for certification than the alternatives.  
 At the completion of this process, further data should be collected to compile a final research 
report. This research report should be again balloted and adjudicated through both the subcommittee 
and main committee. It is issued a research report number (RR#) from ASTM. This RR# should be 
referenced on a further ballot to convert the test specification to a final specification. This ballot must 
also go through the ballot and adjudication process. Once this happens, the specification process in 
complete with all of the accompanying data to prove its validity in the record at ASTM. 
 While nothing is set in stone, the FAA is beginning to envision how replacement gasolines are 
certified in the future for use fleet-wide. It is clear that there must be some sort of D910 equivalency 
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approval that can tie a new specification to the existing D910. To examine these possibilities the FAA 
Administrator has called for the formation of an Unleaded Avgas Transition Aviation Rulemaking 
Committee (UAT-ARC) in January 2011. The ARC is tasked with designing a method by which new fuels 
could be equivalently rated and compared to D910 for approval for use. Though this path does not yet 
exist, some of the methods being developed by the ARC would allow a comparable performance fuel to 
have a blanket certification without having to recertify each engine and airframe combination.  The 
aforementioned specification route would still allow for the same safety of oversight, by the industry, to 
assure the fuel complies with the specification.  Final oversight is still held by the FAA to ensure that the 
operating limitations are met. This would also benefit the OEM’s as they would still be able to have a 
guarantee that a new fuel would be covered by a specification, which is paramount if litigation arises.  
 Though nothing is finalized, over the past decade the industry and government agencies have 
taken major steps in ensuring that a future fuel is not mired in unnecessary testing and procedure. The 
industry now, more than ever, has taken a stance to ensure that new fuels have a roadmap to the finish 
line which will allow them to bring a fuel to general aviation. Though there are potentially more 
roadblocks to growing the general aviation sector, this process will ensure that fuel beyond TEL, is not 










Miscellaneous Aviation Gasolines 
 
This section will attempt to cover the potpourri of other miscellaneous aviation gasolines. It is 
acknowledged that fuels listed in this section need to be further examined when more data becomes 
available.  Though most aviation gasolines comply with ASTM D910, there are a few foreign grades that 
do not comply with the ASTM D910. Most of these grades are found in the far reaches of the east, in the 
former Soviet Union eastern bloc countries and in rural parts of China. There exists little mention of 
these fuels outside of the Lycoming Service Instruction 1070. This will be the primary reference 
document for these fuels. The first fuels mentioned in SI1070 were the grades B91/115 and B95/130. 
The service instruction points out that these fuels “are available for use in the Commonwealth of 
Independent States (CIS)” (Lycoming Engines, 2010). The Lycoming service instruction advises that the 
grade B91/115 is most closely related to grade 100LL and colored with a green dye, and grade B95/130 
will be amber in color (Lycoming Engines, 2010). However, SI1070 does not call out specifically the lead 
content of the fuels. The service instruction does however mention that these “fuels are specified by 
GOST101272 *with+ Max. TEL content of 2.5g/kg (B91/115) and 3.1g/kg (B95/130)” (Lycoming Engines, 
2010). The specification mentioned is controlled by a Russian standards agency; no English copies were 
available for further investigation. No further information could be found on these specific fuels in any 
other manufacturers list of approved fuels.  
 Another fuel that appears briefly in the assortment of fuels is a specialty fuel available for use in 
Ukraine. This is a leaded fuel named 91, not to be confused with UL91. Lycoming SI1070, names fuel 91 
as an approved fuel in selected engines which will appear Yellow in color (Lycoming Engines, 2010). The 
service instruction states that the “Ukrainian 91 is specified by TU38.590148196 with Max. TEL content 
is 2.5g/kg” (Lycoming Engines, 2010). This specification was never found for further reference.  With 
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regard to other fuels, the service instruction mentions that “in some overseas countries, grade 100LL 
fuel is colored green and designated as ‘100L’” (Lycoming Engines, 2010).  
 While this is a brief overview of miscellaneous fuels, it is worth mentioning as a point of 
reference. It is very unlikely that these fuels will be sought as a replacement for 100LL due to their 
esoteric nature. Nonetheless, it is worth further exploring any available information surrounding these 
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